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ABSTRACT
P r e se n t  irr ig a tio n  p r a c tic e s  and fie ld  patterns in the Indus 
delta  a r e  the r e su lt  of a long p r o c e ss  of tra it introductions from  
without and adaptation and developm ent of cultural pattern s  
w ithin. Through the h is to r ic a l approach, gen eric  re la tio n sh ip s  
of som e p r e sen t patterns are  traced  to their or ig in s w hile  
other pattern  or ig in s have been  lo s t .
A s a r e su lt  of the antiquity and wide d istr ibu tion  of irr ig a tio n , 
its  or ig in  rem a in s un certa in . It w as probably som ew h ere in sm a ll  
a llu v ia l v a lle y s  of Southw est A s ia , which is  co n sid ered  the 
hearth  of se e d  agricu ltu re  and which p rov id es the m axim um  
geograp h ica l conditions for evolution  of b asin  irr ig a tio n . B asin  
irr ig a tio n , which u tiliz e s  the overflow  of r iv e r s ,  is  the s im p le s t  
and o ld est form  of irr ig a tio n  used by p r eh isto r ic  c iv il iz a t io n s ,  
e sp e c ia lly  those of Egypt and the Indus V a lley . F ro m  th is s im p le  
beginning var iou s techniques of irr ig a tio n  evolved  to se rv e  
different natural landscape cond itions. Irrigation  p r a c tic e s  in 
the Indus d elta  are d ivided into three m ajor types: b a s in  irr igation;  
l if t  irr ig a tio n , w herein  water is  r a ise d  a r tif ic a lly  from  sub­
terranean  and su rface  water so u rces; and canal irr ig a tio n .
C ultural fa cto rs introduced by p eo p les  m igrating  into the 
Indus V a lley  la r g e ly  explain  the p r e sen t irr ig a tio n  p a ttern s. B asin
irr ig a tio n  was introduced from  Southw est A s ia  probably sh ortly  
after the d om estica tion  of cro p s. E laborate  w ater w e lls  w ere  
con stru cted  in the Indus V a lley  by 3 ,0 0 0  B . C. , but they w ere  
probably u sed  only for drinking p u rp o ses. In 712 A . D. the A rabs  
introduced the nar (N oria  or P e r s ia n  W heel), an im portant d ev ice  
for liftin g  water from  the r iv e r , can a ls and w e lls . B a sin  irr ig a tio n  
p artly  gave way to ca n a ls , a m ore e ffec tiv e  technique of irr ig a tio n  
during and after the r eg im e  of K alhora dynasty in the eighteenth  
century.
Irrigation  p r a c t ic e s , a gr icu ltu re  im p lem en ts , t r a i ls ,  ro a d s, 
land tenure sy s te m s  and r ic e  cu lture have a ll a ffec ted  the p r e sen t  
fie ld  p attern s of the Indus d elta . The f ie ld s  are  fragm ented , 
gen era lly  sm a ll in  s iz e  and are  rectan gu lar , square or irr eg u la r ly  
shaped.
The v illa g e  and h am let se ttlem en t pattern s are  d ir ec tly  
rela ted  to agricu ltu re  developm ent and p r a c tic e s . Their fo rm , 
distr ib u tion , and function a re  a product of the cu ltural m ilieu  
of the a rea . F ro m  ancien t tim es sm a ll nucleated  se ttlem en ts  
spread  co in cidenta l with new a g r icu ltra l a r e a s . The se ttlem en ts  
grew  both for m utual p rotection  and for  their conven ience to 
f ie ld s . V illa g es  are  lo ca te d  along la rg e r  abandoned and a c tiv e  Indus 
R iver d is tr ib u ta r ies  p r e sen tly  u sed  a s ca n a ls , w h ereas h am lets  
a r e  found along sm a ller  d istr ib u tary  ca n a ls . Both the v illa g e  and
h a m le t  a re  lo c a te d  in  c lo s e  p r o x im ity  to the a g r ic u ltu r a l f ie ld s .
The natural settin g  of the arid  Indus d e lta  im p o se s  cer ta in  
ch a llen ges to m an’s ingenuity . During the sum m er the r iv e r  floods . 
with a su rp lus of w ater, w hile  during the w inter the r iv e r  is  in  
lo w -sta g e  with a d e fic ien cy  of w ater. The ex ten siv e  u se  of the 
nar with w e lls  provide water for the fie ld s  during the w inter  
m onths. R ecen tly  b a rra g es  and a r tif ic ia l le v e e s  have been  
con stru cted  to control w ater d u rin g  the sum m er floods and to 
supply w ater to can a ls and d itch es during the w in ter. Irrigation  
p r a c tic e s  and se ttlem en t pattern s are  an e x p r ess io n  of m an’s 
a c tiv it ie s  in  a  challengin g  m ilieu .
I. INTRODUCTION
T his d is se r ta tio n  is  a study of irr ig a tio n  and fie ld  patterns in 
the Indus d e lta , with em p h asis on their orig in  and introduction  into 
the a rea . N atural and cu ltural fa c to rs  accounting for p reva len t  
irr ig a tio n  p r a c tic e s  and fie ld  p attern s are con sid ered . In the 
p h ysica l m ilieu  c lim a te , lan d form s, s o i ls ,  r iv e r  s ta g e s  and 
hydrographic changes are  s ig n ifica n t. C ultural su c c e s s io n  is  
d iscu sse d  to e sta b lish  the age and developm ent of irr ig a tio n  
techn iques. E m ph asis is  la r g e ly  on the patterns rather than 
p r o c e s s e s .  To avoid a chronologic  h is to r ic  treatm en t, only the 
even ts im portant to the developm ent of irr ig a tio n  a re  con sid ered . 
T here is  a lso  a lim ited  d isc u ss io n  on the pattern  of se ttlem en ts  
adjoining the canals and f ie ld s , notably those along the K alri 
canal {Map 1).
An a rch a eo lo g ica l and h is to r ic a l approach is  n e c e ss ita te d  
by the nature of the study; that i s ,  tracin g  the o r ig in , d iffusion  
and subsequent inventions of irr ig a tio n  techn iqu es. Data from  the 
Indus V a lley  c iv iliz a tio n  s ite s  is  p r im a rily  used but a com p arative  
study of irr ig a tio n  pattern s in the Indus V a lley  c iv iliz a tio n  with  
those of Egypt and M esopotam ia is  req u ired  to draw s im ila r it ie s  
and d iffe re n c es . Through the haze of antiquity and wide d istr ib u tion  
of irr ig a tio n  in Southw est A sia  the sp e c if ic  p lace  of or ig in  rem ain s  
unknown.
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A rch aeo logy  of the Indus V a lley  c iv iliz a tio n  and older s ite s  
in W est P ak istan  show s agricu ltu re  p ractices, a s far back as
4 ,0 0 0  B .C . S ince no c lear  m a ter ia l ev idence r ev ea lin g  the m ethods 
of procurin g  w ater for agr icu ltu re  w as d isco v e re d , em inent 
a rch a eo lo g is ts  lik e  M ackay {1948, p . 77), W heeler (1958, p. 9), and 
many oth ers sought the explanation in w etter  c lim a tes  which w ere  
b elieved  to have ex is ted  during that tim e . E vidence in d ica tes  that 
there has been  no notable change of c lim a te  during the p a st 6 ,000  
y e a r s , and con firm s the idea that agr icu ltu re  flo u r ish ed  with the 
aid  of b a sin  irr ig a tio n .
R e se a rc h  further in d ica tes that irr ig a tio n  is  a s  old as  
agricu ltu re  in the Indus V a lley . M ost techniques for obtaining  
w ater, including irr ig a tio n , w ere introduced  from  the w est by 
penetratin g cu ltu res . The irr ig a tio n  pattern s in the Indus delta  are  
divided into three d is tin c t types: b asin  irr ig a tio n , canal irr iga tion  
and w ell irr ig a tio n . T his study d ea ls  p r im a r ily  with th ese types, 
together with the changes enacted  on them  through tim e by p e n e tr a t­
ing c u ltu r es .
F ie ld  pattern s p r e se n t  a far greater  com p lex ity  in attem pting  
a gen eric  treatm en t. B e s id e s  the im p act of irr ig a tio n  and se tt le m e n ts , 
in fluence of other p ertin en t m a ter ia l e lem en ts such a s  agr icu ltu ra l 
im p lem en ts , w h eeled  v e h ic le s , and r ic e  cu ltivation  is  d isc u sse d .
N o n -m a ter ia l tra its  such a s land ten u re, econ om ic and p o lit ic a l  
a sp e c ts , and so c ia l organ ization  are  a lso  co n sid ered , s in ce  they are
connected with the evolu tion  of sm a ll f ie ld s  and the com p osition  
of the cu ltural land scape.
F ie ld  work done during the y e a rs  1955 and 1956 was su pp le­
m ented by lib ra ry  r e se a r c h  in the B r it ish  M useum , India O ffice , 
and India H ouse l ib r a r ie s  at London, during the sum m er of 1957. 
L ibrary  r e se a r c h  was further extended at the H ill M em oria l 
L ib rary  of L ou isian a  State U n iv ersity , and cooperating  in stitu ­
tio n s, during the y e a r s  1958 and 1959. F or litera tu re  other than 
E n glish  and F ren ch , a read ing knowledge in Sindhi, P e r s ia n ,  
and A rabic com plem ented  and extended the lib ra ry  r e se a r c h .  
A eria l photographs supplied by the governm ent of P ak istan  
provided a b ase  for som e m aps and enabled a m ore d eta iled  
study of fie ld  patterns and the p h y sica l b a se .
A general d iv e r s ity  of v iew s am ong preced in g  w r iters  
e x is ts  regard in g  the delta boundary. Heddle (1836) and 
C a r le ss  (1837), notable am ong the ea r ly  B r it ish  w r ite r s , c o n s i­
dered the area  south of Tatta as the d elta , p r e c is e ly  from  the 
place w here Baghar and Sattah d is tr ib u ta r ies  leave  the r iv er  
(Map 1). B lanford (1880) and H aig (1894) deviated from  the view  
and con sid ered  the ex ten sion  of the delta  as far north as  
H yderabad. M odern w r ite r s  (W adia, 1953) and many others  
b e liev e  Tatta is  the northern lim it  of the delta .
F o llow in g  the gen era lly  accepted  defin ition  of a delta  
(R u sse ll, 1936, pp. 3-4) the area  south of the b ifu rcation  of the
5f ir s t  m ajor d is tr ib u ta r ie s , K a ir i and P in yari (Map 1), is  
con sid ered  the delta of the Indus R iver in this study. K alri 
flow s to the w est at the foot of the K arachi bedrock plain  and 
m erges into the sea  beyond L ahori Bunder. The contact betw een  
the R ecen t alluvium  and the K arachi bedrock plain  form s an 
esca rp m en t and is  a w e ll-m a rk ed  physiograph ic boundary and 
is  adopted as the w estern  lim it  of the delta  (Map 1). The 
e a stern  boundary is form ed  by the P in y a r i, which flow s a lm o st  
in a stra igh t n orth -sou th  d irection  through an older flood  
plain  of the Indus R iver  (Map 1).
H. PHYSICAL SETTING
The p h y sica l se ttin g  of the Indus delta  is  d iv e r se . The c lim a te  
is  arid  m a ritim e  with v a r ia b le  ra in fa ll that a v era g es  about eight 
in ch es per y e a r . The sm a ll am ount of p rec ip ita tion  and its  
v a r ia b ility  m akes i t  m andatory to ir r ig a te  for crop growth. The 
low  r e l ie f  of the delta  a rea  is  in co n tra st to the h igher T ertia ry  
h ills  that bound the a rea  on the w e st  and the sand dunes that m ark  
the beginning of the Thar d e se r t  to the e a st .
The Indus delta  is  m arked with num erous a ctiv e  and abandoned  
channels o f the Indus R iv e r . The a ctiv e  and abandoned channels  
with their adjoining h igher banks, sand b a r s , and m udflats are  
the consp icuous lan d form s. The high range of the se a so n a l r iv er  
sta g es  has m ade it  p o ss ib le  to develop  an ex ten siv e  sy s te m  of 
irr ig a tio n  b a sed  upon inundation ca n a ls . S o ils  r e f le c t  a g rea t  
com p lex ity  in texture from  p lace  to p lace  depending upon their  
d ep osition a l environ m en t. Soil sa lin iza tio n  im p o se s  lim ita tio n s in 
the older irr ig a te d  a r e a s , and toward the c o a st  high tid es have b u ilt  
ex ten sive  m udflats and tran sp ort sa lin e  w ater far inland.
W eather and C lim ate
The w eather and c lim ate  of the Indus delta  em body m o st of the 
c h a r a c te r is t ic s  of an arid  m aritim e c lim atej sea so n a l in fluence  
fro m  the sea; high but not e x c e s s iv e  tem p eratu res; and l it t le  r a in -
7fa ll. The m ost str ik in g  featu re  of w eather and c lim ate  is  the 
v a r ia b ility  in am ount and tim e of ra in fa ll. R ains occur m o stly  in 
the sum m er sea so n  but the am ount and tim e vary  to the extent 
that during som e y e a rs  the ra in fa ll doubles the a v era g e , w hile  
in others it drops con sid erab ly .
Owing to the paucity  and u n re lia b ility  of weather data, even  
a g r o ss  d escr ip tio n  of the Indu s-d elta  c lim a te  is  d ifficu lt. Map 2 
in d ica tes  that out of the eigh t w eather sta tion s including the 
ones in the im m ed iate  v ic in ity  of the delta  only two, K arachi 
and H yderabad, have a reco rd  of m ore than twenty y e a r s . T hree  
w eather sta tio n s , T atta, H ilaya , and Jh im p ir , w ere e sta b lish ed  
by the governm ent of P ak istan  in 1955 w ith inadequate equipm ent 
and untrained p ersonn el; data record ed  at th ese  sta tion s are  
u su a lly  fragm en tary . The m eans of the data record ed  by these  
sta tion s have been  published for a tw o-year p eriod . F or the 
rem ain in g  sta tion s only ra in fa ll f ig u res  are  ava ilab le  from  the 
Annual Irrigation  R eports and D is tr ic t  G azetteer .
T em perature and ra in fa ll are the two m o st im portant 
c lim a tic  e lem en ts which influence the irr ig a tio n  pattern in the 
Indus d elta . H um idity and sunshine a ffec t the evaporation  ra te  
and are  im portant con sid era tion s when dealin g  with tem perature  
and ra in fa ll. H ence tem p eratu re, hum idity, and p recip ita tion  
d e se rv e  sp ec ia l con sid eration .
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A ir  tem perature record ed  by w eather sta tion s in the 
Indus delta  is  typical of m o st arid  a rea s  . The days are  hot 
and the nights coo l w ith average  diurnal range as high as  
2 2 °F  for m ost sta tio n s . M onthly m ean tem p erature r a r e ly  
exceed s 80 , average m onthly m axim a se ld om  p a ss 91. 9°i 
and average m inim a infrequently  go below  68. 7° (F ig . 1) •
The h o ttest a rea  corresp on d s to the northern  l im it  of the 
d elta , w here sta tion s reco rd  an annual m ean of over 81. 2 ° . 
A s would be expected , due to ocean ic  in fluence l e s s  ex trem e  
tem p erature p r e v a ils  a long the co a st. For exam ple K arachi 
has an annual m ean of 78. 4 ° ,  w h ereas Hyderabad rec o rd s  
8 1 .7 ° .
The tem perature b eg in s to r is e  in M arch and rem ain s  
high until O ctober, which is  regarded  as the sum m er sea so n . 
The beginning of the su m m er sea so n  is  m arked by an abrupt 
change in tem perature from  F eb ru ary  to M arch, but the 
tem p eratu res rem ain  fa ir ly  constant during the sum m er  
m onths (Table 1), with May and June the h ottest.
July iso th erm s (Map 3} have a latitu d inal trend in  the
1
T em perature fig u res  are  in F ahren heit, u n less  
o th erw ise  ind icated .
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T ab le  1
M onthly T em perature M eans
(F igu res in F ahrenheit)
K arachi Tatta Jhim pir H ilaya Hyderabad
M onths M ax. M in. M ean M ax. Min. Mean M ax. Min. M ean M ax. Min. M ean Max. Min. Mean
January 77.1 50. 7 6 9 .9 74 47 61 82 55 69 80 44 62 7 5 .2  4 9 .9  62. 5
F ebruary 80. 5 54. 7 67. 9 81 48 65 86 63 75 - - 72 8 2 .5  5 4 .8  68. 6
M arch 8 7 .9 63.1 75. 5 89 60 75 94 71 83 95 63 79 93. 6 63. 9 7 8 .8
A pril 94. 7 • 7 0 .9 84. 8 97 66 81 99 78 89 99 71 85 103.0  72. 2 87. 6
May 9 5 .3 78. 2 86. 2 99 75 87 100 84 92 102 76 89 107. 8 78. 5 93.1
June 9 5 .4 82.1 88. 7 97 79 88 97 82 89 101 79 90 105.0 79. 7 9 2 .3
July 90. 8 80. 8 85. 8 92 79 85 96 82 89 99 81 90 9 9 .8  7 9 .0  8 9 .4
Angus t 88. 2 78. 8 83. 5 89 77 83 92 79 85 94 79 87 95. 8 7 7 .2  8 6 .5
Septem ber 89. 8 76. 8 83. 8 90 75 83 99 84 91 97 78 87 9 7 .9  7 7 .0  8 7 .4
O ctober 9 3 .9 69. 7 81. 8 90 68 79 97 75 86 97 70 83 9 8 .0  7 0 .6  8 4 .3
N ovem ber 8 9 .9 59. 8 74. 8 87 61 74 88 61 75 88 62 75 8 9 .5  6 0 .7  7 4 .6
D ecem ber 80. 9 53. 0 66. 9 78 51 65 82 61 71 83 51 67 7 8 .6  5 2 .7  6 5 .6
Source: K arachi and Hyderabad data from  the f i le s  of P akistan  
M eteoro log ica l D epartm ent.
T atta , Jh im p ir, and H ilaya data from  C lim ato log ica l M eans 
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delta  due to ocean ic influence but change to longitudinal d irec tion  
roughly north of Jh im pir. In the cen tra l and northern parts  
of Sind the m ean tem p erature r is e s  m uch m ore than in the 
delta (Khan, 1954, p. 2). The tem p erature fa lls  rap id ly  in 
N ovem ber which m arks the beginning of the winter sea so n  
(Table 1). Winter p rev a ils  from  N ovem ber until F eb ru ary  with 
January as the c o o le s t  month. January iso th erm s ind icate  
pockets of com p aratively  low  tem p erature around T atta, M irpur 
B atoro , and high tem p eratu res around Jh im p ir, and H ilaya  
(Map 4). T h ese  conditions becom e m ore pronounced in F eb ru ary  
and continue into M arch. The or ig in  of th ese  high and low  
I m p eratu res in lo ca lize d  a rea s  is  a sso c ia te d  with the w estern  
d ep ress io n s  w hich a ffec t the a rea  and w ill be d isc u sse d  la te r .
R ela tive  H um idity  
R ela tive  hum idity is  exceed in g ly  high in the delta  as  
com pared to the hum idity in cen tra l and northern Sind. Table 2 
g ives average re la tiv e  hum idity fig u res at 3 o 'c lo ck  in the 
m orning and 12 noon for each month on two y ea rs  average  at 
Tatta. H um idity p ercen tages are h igher in the ea r ly  m orning  
hours during the sum m er m onths b eca u se  of the low er tem p era ­
tu res . With r is in g  tem p eratu res toward noon the re la tiv e  










R e la tiv e  H um idity at Tatta (2 y e a r s  average)
M onths
(F ig u res  in p ercen tage)  
3 A . M. 12 Noon
January 77 33
F  ebruary 81 26
M arch 83 31




A ugust 79 81
Septem ber N o t  a v a i l a b l e
O ctober 78 49
N ovem ber 65 67
D ecem b er 77 47
P re c ip ita tio n
Low p rec ip ita tio n  is the ch ie f c h a r a c te r is t ic  of the Indus 
delta  which in term s of am ounts a v e r a g e s  about e igh t in ch es  
annually. B e c a u se  a r id ity  h as b een  a continuous p rob lem  to man  
in this a r e a  var iou s su p ern atu ra l and sc ie n t if ic  exp lanations have  
been  o ffered  for the low  va lu e  of p rec ip ita tio n . Hindus of Sind have  
a trad ition  that H iranyak asipu , the dem on king of M ultan, was 
pow erfu l enough to draw  down M egha R aja , the cloud god from  
h eaven  and com p el h im  n ever  to v is i t  the Indus V a lley  (B urton, 
quoted by P ith a w a lla , P t. Ill, p. 20). P ith aw alla  (ib id . , )b e lie y e s  
orography is  the so le  ca u se  of a r id ity . A ccord in g  to h im  the 
surrounding h ill  range w hich is  about 2 ,0 0 0  fe e t  h igh p rod u ces no
16
orographic e ffect and th erefore  it  is  dry.
Sim pson (p. 158) says that two fa c to r s , the g rea t tem p erature, 
and the d irection  of upper a ir  cu rren t, account for the low  
p recip ita tion . A ccord in g  to h im ,
. . throughout the m onsoon, the upper air over northw est 
India b low s from  w est and north w est off the h ills  of 
B alu ch istan  and A fgh an istan . T his upper air  current is  
warm  and very  dry. Its hum idity w as as low a s 20% and 
the dry air extended downwards to about 2500 ft. above 
the ground le v e l.  The air near the ground has a high  
hum idity as it c r o s s e s  the Sind c o a st , but it w arm s up 
con sid erab ly  a s it p a s s e s  inland from  85 at K arachi to 
9S'°F at Jacobabad - so  its  hum idity d e c r e a se s  from  
80% to about 55%. The air over n orthw est India would 
have to r is e  3 ,0 0 0  fe e t  above b e fo re  condensation  
takes p la c e , but b efore  it r ea c h e s  the height it  has 
encountered the upper dry cu rren t from  the w est, and 
in consequ en ce no cloud is  form ed over the reg io n  of 
low  p r e ssu r e . "
S im p son’s explanation is  accepted  by Kendrew (p. 115) and 
M iller  (p. 149).
The Indus delta  r e c e iv e s  about five  in ch es of ra in fa ll from  
the southw est m onsoons in the sum m er and three in ch es from  the 
w estern  d e p r e ss io n s  in  the w in ter. Until r ec en tly  the southw est 
m onsoons w ere thought to or ig in ate  due to the low  p r e ssu r e  d evelop ­
m ent over the subcontinent of India and P ak istan  by the r e la tiv e  
m ovem ent of the sun over the northern  h em isp h ere  in su m m er.
By the end of May or ea r ly  June a low  p r e ssu r e  a rea  extends  
over Sind and Punjab (B an erji, p. 10). The p resen ce  of low  p r e ssu r e
over the subcontinent was b e liev ed  to in itia te  the flow  of a ir
from  the ocean ic  high r e su lt in g  in  the sou th w est m on soon s. 
H ow ever, accord in g  to p r e se n t  v ie w s , sou th w est m onsoons r e s u lt  
la r g e ly  from  the north ern  m igra tion  of the E q u atoria l trough  
during the su m m er . A s the su m m er se a so n  a d v a n ces , the 
northern  l im it  of the E q u atoria l trough sep ara tin g  the a ir  m a s s e s  
of the n orthern  and the sou thern  h e m isp h er e s  m oves northw ards  
and s e ts  the stage  for the flow  of the sou th w est m on soon s. By  
A p ril the E q u atoria l trough r e a c h e s  the Equator (N aqvi, 1959, 
p. 52) and by July  c o v e r s  a wide band from  2°N . to 27°N . la t i ­
tudes (R ieh l, p . 12). In June, su b trop ica l a n ticy c lo n es  o f the 
south  Indian ocean  sh ift w estw ard  with its  cen ter  near 30°S . and 
6 0°E . The W e ste r lie s  of the ''R oaring F o r tie s"  in the southern  
h em isp h ere  sw eep  around this an ticyc lon e  and b ecom e the 
sou th w est T r a d e s . T h ese  and the su b sid in g  a ir  m a s s e s  in  the 
northern  p a rt of the a n ticy c lo n e  blow  on ste a d ily  from  the sou th ­
e a s t  until they c r o s s  the Equator w here they are  d e flec ted  to the 
righ t by c o r io lis  fo r c e  and b ecom e sou th w est m onsoon  winds 
(N aqvi, ib id . , p. 52).
Southw est m on soon s fu rn ish  cop ious am ounts of ra in fa ll to 
other p arts of the subcontinent but fa il to produce ra in  in the 
Indus delta  and adjoining a r e a s  due to an in v e rs io n  a lo ft of 
w arm er con tin en ta l a ir . By May the in v e r s io n  o c cu rs  b etw een
3 ,0 0 0  to 5, 000 fe e t  above the su rfa ce  and is  cau sed  by the co ld er
m a rit im e  a ir  of the E quatoria l trough wedging in beneath it . The 
in ten sity  and height of the b a se  of the in v e rs io n  layer  appears  
to in c r e a s e  as  the su m m er se a so n  p r o g r e s s e s ;  by July  and 
August it  a tta ins a  height of 5, 00 0 fee t .  The in v e rs io n  layer  
a c ts  a s  a lid  and p reven ts  the penetration  of r is in g  convectiona l  
cu rren ts  from  below  (Rao, p. 1).
In an e a s t - w e s t  d ir ec t io n  the in v e rs io n  la y e r  extends from  
the Makran c o a s t  to the Runn of Cutch. Extending inland the 
in v e r s io n  la y er  r i s e s  from  3 ,0 0 0  fe e t  at the c o a s t  to 5 ,0 0 0  fe e t  
at H yderabad and 10, 000 fe e t  a t  L ahore w here  convection  cu rren ts  
a re  no lon ger  p rev en ted  fro m  r is in g .*
Crowe (1951, pp. 61-62 and 1956, pp. 5 -6) has a ls o  a sc r ib ed  
the low value  of p rec ip ita t ion  to this overhanging hot continental  
air which p r e v a ils  over the a r e a  from  4 ,0 0 0  to 10 ,000 fee t .
July , A ugust, and Septem ber are  the r a in ie s t  m onths of 
the su m m er with a total ra in fa ll  of about f ive  in ch es  but with a 
high va r ia b il ity .  V a r iab ility  of ra in fa ll  is  an outstanding c h a r a c te r ­
i s t ic  of the Indus de lta  c l im a te .  Table 3 r e p r e se n ts  the annual 
ra in fa ll  v a r ia b il i ty  at four s ta tion s for the y e a r s  1919-1922.
1
Data from  v erb a l com m u n ica tion  with Rodm an E . Snead, 
graduate student, L ou is ian a  State U n iv e r s ity ,  1959, 




V ariab ility  of Rainfall  
(F igu res  in inches)
1919 1920 1921 1922
Tatta 7.01 2 .0 6 10. 64 1. 65
Mir pur Sakro 8. 05 1.31 9. 72 0. 77
K eti Bunder 4. 72 2.15 5. 68 0. 80
Shah Bunder 17. 09 2.15 6. 07 1. 57
Source: K arachi D is tr ic t  G a zetteer , B Volum e II,
p. 91.
The ra in fa ll  var iab ility  is  far greater  during the individual 
months than y e a r ly  m eans r ep re sen t .  Tables 4 and 5 show  
the monthly ra in fa ll  f ig u res  from  1940 to 1945 at K arachi and 
Hyderabad stations and r ep re sen t  the ra in fa ll var iab ility  for 
individual m onths.
Naqvi (1958, p . l )  , D irector  of P ak istan  M eteoro log ica l S e r v ic e s ,  
has calcu lated  the annual and monthly var iab ility  of ra in fa ll  at 
K arachi for a hundred-year period . A ccord ing  to h is ca lcu la tion s,  
the coeff ic ien t  of var iab ility  of annual ra in fa ll  is  13 per cent, while  
the var iab il ity  of individual months vary  from  137 per cent in 
January and July to 567 per cent in A pril and October with in ter ­
m ediate va lues in the intervening months.*
During the winter se a so n , the Indus delta r e c e iv e s  about three  
inches of ra in fa ll  fro m  w estern  d e p r e ss io n s  and A r a b ia n -s e a
T ab le  4
Monthly Totals of Rainfall at 
Karachi
(F igu res  in inches)
Y ear Jan. Feb. Mar. Apr. May Jun. July Aug. Sept. Oct. Nov. D ec.
1940 2.12 1.40 1.41 0 0 0. 55 3 .0 1. 84 0 0 0 0. 53
1941 0. 03 0 0 0 0 0 1. 62 0 0 0 0 0. 03
1942 0. 6 1.24 0. 06 0 0 0 0.16 2. 71 0 0 0 1.19
1943 ■ 0. 66 0 0 0 0 0 1. 81 0 0 0 0 0
1944 0. 06 2. 50 0 0 0 0 10.27 16.17 0 0 0 0
1945 1.42 0 0 0 0. 5 0 5. 65 0 .4 0 0 0 0
Source: D ata  from  the f i le s  of M e te o r o lo g ic a l D ep artm en t,
g o v ern m en t of P a k ista n .
T ab le  5
Monthly T otals of Rainfall at 
Hyderabad
(F igures in inches)
Year J an. Feb. Mar. Apr. May Jun. July Aug. Sept. Oct. Nov. Dec.
1940 0. 89 0. 85 0 0 0. 02 0. 66 0. 96 2. 90 0 0 0 0
1941 0 0 0 0 0 0 6.14 0 0.12 0 0 0
1942 0.21 0. 73 0. 02 0 0.12 0 1. 55 0. 75 0. 36 0 0 0
1943 0.11 0 0 0 0. 05 0 2.19 0 0 0 0 0
1944 0. 09 1.38 0. 06 0 0 0 5. 85 10. 89 0.12 0 0 0. 05
1945 1.18 0 0 0 0 0 1. 85 0.17 0 0.12 0 0
Source: D ata fro m  the f i le s  of M e te o r o lo g ic a l D ep artm en t,
g overn m en t of P a k ista n .
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cyc lon es . The name w estern  d ep ress ion s  was orig inally  used  
by the Indian M eteorological Department for the disturbances  
which cam e from  the w est  and m oved eastward (Banerji, p. 3),
With the solar rev e rs io n  to the southern hem isph ere , the 
thermal low over the northw est part of the subcontinent is  
gradually wiped out by the r e c e s s io n  of sou thern-hem isphere  
m onsoonal air and the gradual estab lishm ent of a large  anticyclone  
over India and W est Pakistan , 6000 feet  above the su rface . West 
Pakistan com es under the influence of predominantly w ester ly  
winds, which sw eep as far as  15°N. latitude in m id-w inter.
A s e r ie s  of subtropical m igratory  anticyclones develops to the 
w est  over Arabia and the Iranian plateau and m oves eastward  
throughout the winter seaso n  (Ahmad, 1958, p. 1). Some of 
these  d ep ress io n s  originate loca lly  but a large  number of them  
move in from  the M editerranean sea  through North Arabia and 
Iraq (Malurkar, pp. 202-205). The m ovem ent of such dep ression s  
r e su lts  in cyclonic  storm s and tem perature changes which are  
discernable  on the January map (Map 4).
The A rab ian -sea  cyclones originate between 8°N. and 
20°N. latitude and hit the area  in Novem ber and D ecem ber (Normand, 
pp. 8-10). This ra infall r ece iv ed  in winter v a r ie s  considerably  
and depends on the intensity and number of s to rm s. At tim es,  
when the A rab ian -sea  cyclones are  strong, they create  havoc
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through high w inds, torrentia l ra in , and strong storm  w aves  
from  the sea.
G enerally  the winds are  gentle in the area . In the sum m er  
the prevalent d irection  of wind is  from  the southwest with 
an average  v e lo c ity  of 7 knots. The m axim um  v e lo c ity  is  in 
June and July when 17 knots is  record ed  and the m inim um  in 
N ovem ber and D ecem ber when the v e lo c ity  drops to 3 knots. 
L andform s
The Indus delta, a w estw ard extension  of the bido-Gangetic  
d e p r e ss io n , which s lop es  gently from  sea  lev e l  toward the 
H im alaya m ountains (Hayden, p . 167). R ecent a llu v ia l d eposits  
in the delta cover  older P le is to c e n e  sed im ents which o v er l ie  
T ertiary  r o c k s .  The total th ickness of the a llu v ia l dep osits  
is  not known but from  the few borings that have been  m ade, 
the th ickness of alluvium  appears to be m ore  than 1,300 fee t  
below the ground surface  and 1,000 fee t  below  sea  lev e l  (Wadia, 
p. 337).
The p resen t  ac tive  Indus delta is  bounded on the w est  by the 
K arachi bedrock plain , a continuation of the Lakhi range and 
the north-south  trending Kirthar ran ge . A ccording  to P ithawalla  
(1936, Pt. 1, p. 295) the L a k h ira n g e  is  a steep  antic linal fold, 
faulted with its upthrow towards the w est  exposing a prom inent  
e sca r p m e n t .  The gentle eastw ard dip of the Lakhi beds is  about
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50 fe e t  high bordering  the im m ed ia te  northw est a r e a  of the 
delta . The Indus R iver  has eroded s te ep  c li f fs  along its  
w e ste rn  contact with the o lder  ro ck , and s e v e r a l  rem nant  
o u tl ier s  r em a in  in the delta. P red om in an tly , Lakhi range  is  
com p osed  of T e r t ia ry  d ep os its  but in so m e  se c t io n s  C retaceou s  
r o ck s  are  found (B lanford, p. 122). On the e a s te r n  s id e  of the 
study area  the d e lta ic  p la in  continues but r e p r e s e n ts  an older  
a llu v ia l  su rfa ce  built by fo rm e r  c o u r se s  of the Indus. The old 
delta  to the e a s t  has been  o v er la in  by sand blown fro m  the dry  
s tr e a m  beds of abandoned r iv e r  channels by the p r ev a il in g  
sou thw est w inds. The term  Sand C overed  d e lta ic  p la in  is  used  
on Map 5 to d is tin gu ish  it fr o m  the younger flood p la in  to the 
w e st .  The Indus R iver  p r e se n t ly  f low s to the s e a  through the 
approxim ate  cen ter  of the delta  a r ea  (Map 5).
North of the su rv e y  a r e a  the Indus R iver  flood p la in  
continues u p stream  form in g  a broad a llu v ia l  su r fa c e .  No 
P le is to c e n e  d ep o s its  have b een  mapped or r ec o g n ize d  in the 
delta  a rea . H ow ever , P le is to c e n e  se d im e n ts  a r e  thought to 
e x is t  on the flanks and as is la n d s  in the flood p la in  to the north  
near Hyderabad.
L andform s of the Indus delta a re  form ed  ch ie f ly  by s tr e a m  
deposition  and scour  of which natural levees^ , sand b a r s ,  la k e s ,
1 The term  natural le v e e  i s  u sed  to design ate  overbank d ep o s its  
which occur at favorab le  lo ca t io n s  on the banks o f  the s tr e a m s .  
Since the Indus R iver  is  a braiding s tr e a m  the natural l e v e e s
25
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tidal channels , and mudflats are m o st  conspicuous fo rm s . In the 
north and w est corner of the su rvey  area  there a re  a few  
iso la ted  T ertiary  h ill  rem nants that stand as the m o st  conspicuous  
landform in the delta area  (Map 5).
As p rev io u sly  defined the Indus delta ic  plain extends from  
the K alri canal on w e st  to the P in y a r i  canal on the ea st .  Due to 
mans' a c t iv it ie s ,  r iver  p r o c e s s e s  and the e ffec t  of Arabian sea  
t id es ,  the delta ic  plain r e v e a ls  varying  c h a r a c te r is t ic s ,  and is  
subdivided into: in te r - le v e e  flood plain, tidal delta , and the 
active  delta.
The in te r - le v e e  flood plain d es ign ates  the area  on both s id es  
of the Indus R iver within the two a r tif ic ia l  le v e e s  (Map 5) where  
alluvium  is  laid e v ery  y e a r .  A ll of this land is  inundated during  
the flood se a so n  and num erous changes in channel p os ition  and 
sand b ars occur each y e a r .  During the low -w ater  se a so n  the 
land su rface  i s  near ly  le v e l  or only s lightly  undulating. The area  
beyond the a r tif ic ia l  le v e e s  is  not flooded annually. The a r t if ic ia l  
l e v e e s  w ere  com pleted  around 1900, and term inate near the 
v illa g e  of K otri Allahrakhio (Map 1}, where the main channel  
divides into the Ochito and H ujam ri branches.
The tidal delta c o m p r ise s  about 60 per* cent of the reg ion
are genera lly  without the c h a r a c te r is t ic s  found along s tr ea m s  
like  the M is s is s ip p i  R iv e r , with continuous natural l e v e e s  
and w ell defined b a ck s lo p es .
(Map 5) and is  greatly  influenced by the tides of the Arabian sea .  
The tidal range v a r ie s  from  8. 9 fe e t  to 9. 3 fee t  (Pakistan, 1959, 
p. 18), and pen etra tes  from  the c o a st  to about 20 m ile s  in the 
w estern  section , 40 m ile s  in the e a s ter n  sec t ion , and about 
10 m ile s  in the central sec t ion  (Map 5). The e a s ter n  section  
is  the o ldest  delta ic  area  of the Indus (Wadia, p. 390) and is  
low er in e levation  as a r e su lt  of lack  of sed im ent supply and 
continued su bsid en ce .
A long the coa st  tidal, channels with intervening mudflats are  
the dominant fo rm s . The mudflats are  norm ally  inundated by 
diurnal tides and are  com posed  of s i l t  and c lay . They are lo ca lly  
known as the bhal l ands.
The ac tive  delta  c o v er s  about 25 per cent of the area  and 
l i e s  above the rea ch  of high tide. It is  gen era lly  higher than 
the tidal p la ins , with an average  e levation  of about 20 fe e t  above 
sea  le v e l .  The delta su rface  s lo p es  gently from  north to south 
and it is  not known whether this is  en tire ly  due to sed im ent  
deposition  or if there i s  geosyn c lin a l sinking. The su rface  of the 
delta is  tra versed  by many tortuous channels of abandoned and 
active  d is tr ib u tar ies  of the Indus R iv er . The r e su lt  is  the 
developm ent of a low  but uneven su rfa ce . Channel beds and the 
l e v e e s  l ie  higher than adjacent land in many p la ces .
Sand B ars
The Indus River and its  active d istr ibu taries  a ll  have braided  
channels which form  num erous sand bars (Map 5). The synonymous 
te r m s , anastom atic and braided, are  used for the r iver  ch aracter­
ized  by su c c e s s iv e  d iv is ions of the m ain channel and rejoin ing  
with accompanying is lands (Leopold and Wolman, p. 40). The 
form ation of a great number of sand bars in the Indus delta  
is a sso c ia ted  with the period ic  high and low  stages  of the r iv e r .  
When the Indus River rea ch es  the flood stage and spreads from  
bank to bank, both erosion  and deposition take p lace along its  
bed, at a terrific  rate; m ater ia l  scoured in one p lace on the 
channel floor is  deposited as a bar e lsew h ere . A s the stage drops 
the whole p r o c e s s  b eco m es l e s s  active , and finally  the lo w -r iv e r  
water winds as b e s t  i t  can through the irreg u la r it ie s  le ft  on the 
bed as a resu lt  of the changes caused by scour and deposition  
of the preceding floods. When the volum e of water is  low in the 
r iver  these  bars appear m ore significant. Where the sand bars  
have becom e re la t ive ly  perm anent and have narrowed the channel 
in the Indus delta, as near the v illag e  of Khalifa, they are  used  
as c ro ss in g s  by boat (Map 1).
Natural le v e e s  
The dominant constructional landform of the Indus deltaic  
plain is  the natural lev e e .  The natural lev e e  is  form ed from  deposits
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of alluvium  on banks during h igh-river  stage . The higher banks 
are located  d iscontinuously  along the im m ediate  s trea m  banks 
and where undisturbed by man are  conspicuous land form s. A long  
the fo rm e r ly  active  Baghar channel, the natural lev e e  rem nant  
stands out prom inently  with a lo ca l r e l ie f  of m ore  than 18 fee t  
{Map 5).
Lakes (dhands)
L ak es , lo ca l ly  known as dhands, are  the e x p r ess io n  of 
in te r - le v e e  damming (Map 5). D uring the flood sea so n  the lakes  
expand into broad but shallow  sh eets  of w ater. The lakes on the 
w estern  side of the delta are  com p arative ly  longer and are  m ostly  
aligned along the K alr i canal. L enk-C hevitch  (p. 8} has a sso c ia ted  
these lak es  with an old buried channel of the Indus of T ertiary  
age . A ccording to him the lak es  are  form ed  by wind c o rra s io n ,  
while the channel has been  f illed  e lsew h er e  by r iv er  and wind 
deposit.
The location  of these  d e p r e ss io n s ,  h ow ever, su gg ests  their  
orig in  can be traced to dam m ing in in te r - le v e e  d e p r e ss io n s .  The 
v/ater brought by the ephem eral s tr e a m s  from  the w estern  h il ls  
i s  dam m ed by the natural l e v e e s ,  making conspicuous la k e s .
This v iew  is  supported by the fact that som e of these lak es  are  
joined by s tr e a m s  from  the w estern  h ill  ra n ges .
Iso lated  H ills
A number of iso la ted  h i l ls  surrounded by alluvium  on a ll s id es
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a r e  found m ainly on the northw estern  side  of the delta. T hese  
h ills  are  com posed  of poorly  bedded l im e sto n e  and sha le  strata  
of T ertiary  age (Blanford, p. 153). The la r g e s t  of these  is  the 
cu esta -sh ap ed  M akli h i l l s ,  with beds sloping gently to the w est  
and southw est. The s im ila r ity  with the w estern  h ill  ranges  in 
age and m ater ia l su g g es ts  that these iso la ted  h il ls  are  the 
outliers  of the w estern  h il ls  and have been eroded in part by the 
r iv e r s .  Nothing definite i s  known about the orig in  of the h i l ls  
but it m ay be in ferred  from  the s im ila r  landform s in the 
Anatolian r iv e r s  (R u sse l l ,  1954, p. 365), that these  iso la ted  h il ls  
with alluvium  on all s id es  r e p r e se n t  a llu v ia l drowning in the 
delta. S im ilar  h ill  rem nants are  found a t  P ir  Patho, and other 
p la c es  in the delta.
T h ese  h il ls  show consid erab le  r e l i e f  above the delta , and 
have been util ized  by the M uslim s a s  loca tion s for m auso leum s  
for native ch iefs and r e l ig io u s  le a d e r s  . The notion of a higher  
regard  for d eceased  ch ie fs  and r e l ig io u s  le a d e r s ,  com m on in  
M uslim  so c ie ty ,  have found e x p r ess io n  in the h i l l s  to keep  
prom inent people above the com m on peop le , even in death (F ig . 2). 
Soils
A detailed so i l  su rvey  of the Indus delta is  not availab le  
and s in ce  no previous work has been done, only a general  
d escr ip tion  can be m ade. Like other a r ea s  of arid c lim ate
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F ig . 2
M ausoleum s at the top of a h ill .  
Note v illa g e  se tt lem en t at b ase  of hill.
(Simouson, p. 31) and R ecent alluvial deposition , there are p ra c tic ­
a lly  no profile  developm ents in so i ls .  The e ffect of pedogenic  
evolution is obliterated by c lim atic  arid ity  and yearly  addition 
of s i l t ,  leaving the m ineral constituents predominant in the 
so il  (Hedges, p. 67). The c h a r a c ter is t ic s  of the so il  do not 
display any spatial d ifferentiation except in texture and sa lt  
content.
B a s ica lly  the so i ls  of the delta are made of sands, s i l t s ,  and 
c la y s . Insoluble s i l ic a te s  in sand and s i l t  form  m ore than 66 per 
cent of the constituents; the rem aining 34 per cent are  alumina, 
fer r ic  oxide, sa lt , m agnesia , and other m in era ls .  The grains  
of the sand are  generally  sm a ll ,  varying from  1/10 of a m ill im eter  
to 0 .0005  of a m ill im eter  (Blatter et. a ll,  p. 43). D ifferent p la c e s , 
which la rge ly  conform to the landform s, have a different surface  
texture and suggest a workable c la ss if ic a t io n  which Map 6 
r ep re sen ts .  G enerally  the a rea s  of higher r e l ie f ,  like the natural 
l e v e e s ,  are character ized  by m edium -textured so i ls  while areas  
of com paratively  lower r e l ie f  have m oderately  heavy-textured  
s o i ls .  The finer m ater ia ls  are carried  by the r iver  into the tidal 
area  where they are either deposited as mudflat m ateria l or 
carried  to the sea .
The m ed ium -textu red  m a ter ia ls  are found predominantly on the 
n atu ra l- levee  rem nants of the deltaic plain and on sand bars of
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the channels. Both m edium  and h eavy-textu red  s o i ls  are  thick, 
with no appreciab le  d ifference in m ater ia l  down to depths of 
25 fe e t  or m ore from  the surface  (L eV ee , p. 9). Bedding p la ins  
which show strata  of com pact s i l t  loam , s i l ty  clay loam , sand, 
or fine sand loam s are  encountered below  the su rface . T h ese  
strata  vary  in th ickness and arrangem ent from  p lace  to p lace ,  
showing a sso c ia t io n  with depositional environm ents. During som e  
y e a r s  heavy ra in fa ll w ill  produce high r iver  s ta g es  and consequent  
ly  m ore deposition  takes p la ce , while in others the situation may  
r e v e r s e .  Tidal delta ic  d ep osits  are  pr inc ip a lly  c la ys  that have 
been  rew orked and deposited  by the t ides.
F rom  cap illary  action  so i ls  have a fair percen tage  of free  sa lt  
e ff lo r e sc e n c e  in the delta a r e a  where l e s s  su rface  water is  
availab le . Soluble sa lts  are w idely distributed and sodium  
chloride is  the predom inant one. Concentrations of sa lts  vary  
from  place  to p lace  in the delta , in general depending on the' 
water table, su rface  topography, and irr iga tion  p r a c t ic e s .  Salt 
concentrations are  h igh est  w here the water table co m es within  
10 fe e t  of the su rface  during high r iver  s ta g e s  or at p la ces  
w here su rface  so il  prevents active  leach ing . L ocal var ia tions in 
sa l t  concentrations occur from  fie ld  to f ie ld , depending on the 
irr ig a tio n  p ra c tice .  Where irr iga tion  is  p rac ticed , sa lts  are  
tem p orar ily  flushed off to a depth below the root zone of crop s ,
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and reappear on the su rface  -when f ie ld s  are  le f t  un irr igated  for  
a year  or so . The sa lt  concentration  is  u su a lly  h ig h es t  in the 
su rfa ce  eight inches of un irr igated  f ie ld s ,  although su ffic ien t  
concentrations e x is t  throughout the so i l .
A n a ly s is  o f w ater  taken in v a r io u s  months fro m  the r iv e r  at 
Tatta show s a co n sid era b le  am ount of a lkalin ity  (C aC oj). The 
alka lin ity  p ercen tag e  v a r ie s  from  8. 2 in June to 12 per cent in 
M arch (L enk-C hevitch , p. 5). T his w ill  ind icate  that r iv er  water  
is  the m ajor or ig in a l so u rc e  of sa lt  found in the de lta  s o i l s .  The 
sa lt s  a r e  partly  lea c h e d  out at p la c e s  w here  good drainage is 
p r e se n t  which a lso  c r e a te s  d if fe r e n c e s  in  sa lt  concen tration  
from  p lace  to p la c e .  T h ere  app ears to be a defin ite  c o rr e la t io n  
betw een  land u se  and sa lt  content o f  the so i l .  The a r e a s  which  
are  under continuous cu ltivation  have l e s s  sa lt  w h ereas  heavy  
sa lt  concen tra tion s a r e  p r e se n t  in f ie ld s  which are  le f t  fallow  
for  a few  y e a r s .  In uncultivated a r e a s ,  the su rfa ce  i s  cov ered  
with sa lt  e f f lo r e s c e n c e .  H ow ev er , in g en era l ter m s L eV ee  (pp. 10-12) 
has c la s s i f ie d  the so i l  near Tatta into three c a te g o r ie s  o f sa lin ity:  
s l ig h tly  to m od era te ly  a ffec ted , s e v e r e ly  a ffec ted , and v e r y  
s e v e r e ly  affected .
In s l igh tly  to m odera te ly  a ffec ted  a r e a s ,  the sa lt  content is  
even ly  d istr ibuted  throughout the s o i l  p ro fi le  and ran ges  from  
0. 2 per cent to about 0. 6 per cent. The pr in c ip a l sa lt  i s  sodium
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ch loride . In the s e v e r e ly  affected  s o i l s ,  sa lt  content may exceed  
1 per cent in the su rface  8-10 in ch es ,  but r i s e s  again in the 
lower su b so il .  In v e ry  s e v e r e ly  affected  so i l ,  the sa lts  show a 
high concentration  throughout the p ro fi le .  Concentrations often  
exceed  3 per cent.
Changing Drainage P attern s
L ittle  is  known about the deta ils  of r iv er  changes in the past,  
but it  is  genera lly  b e liev ed  that the o ld est  sec t io n  of the delta  
is  the e a s ter n  a rea . Since the build-up and abandonment in the 
e a s t  the r iver  is  thought to have flowed into the sea  w e st  of the 
p r e se n t  Indus R iver . The la te s t  sh ift would p lace  it  in its  approxim ate  
central delta ic  pos ition .
The delta ic  plain is  everyw here  furrow ed by past  r iv e r  channels, 
som e of which show a continuous co u r se  throughout the delta, 
but others are  ob literated  with traceab le  c o u r se s  "showing for 
only short d is ta n ce s .  Information availab le  regarding  the changes  
in d is tr ib u ta r ies  before  the B r it ish  su rveys is  vague and u n sa t is ­
factory . An attem pt is  made to show the major changes which 
have taken p lace  during the la s t  hundered y e a r s .
The Alexander Burns (B urns, 1835) expedition of 1831 g ives  
re l ia b le  inform ation on the delta ic  channels . This expedition was 
organized  to m ea su re  the widths and depths of water in the Indus 
and its  d is tr ib u ta r ies  to determ ine  their value  as navigable s tr e a m s .
No map rem ain s  from  Burns' expedition, so  no com p arison s can 
be made with his work. The next su rvey  was made by Heddle(1836), 
C a r le s s  (1837), and many other arm y person n el to gather further  
inform ation on the deltaic  d is tr ib u ta r ies .  C a r le s s  made som e  
sc ien tif ic  ob serva tion s , did tr igon om etr ica l su rv eys  in the a rea  
and made m aps. C a r le s s ’ m aps w ere presen ted  to the governm ent  
of India in Septem ber, 1837, and are  used  here  to com pare changes  
in delta d is tr ib u tar ies  s in ce  183 7.
The C a r le s s  survey  showed the Indus divided into two a r m s ,  
Baghar and Sattah, about 50 m ile s  from  the se a  (Map 7 A),
Baghar on the w est  side of the r iv er  was then in a deter iorating  
condition and a sand bar was accum ulating at its  head and the 
Sattah, the ea stern  arm  was the principal channel. The Sattah 
trifurcated into three channels , H ujam ri, K edywari and T eeteeah ,  
before  joining the se a .  The f i r s t  two, H ujam ri and Kedywari, 
w ere  navigable. H ujam ri rwas flowing in a w est-so u th w est  
direction  in a winding co u rse  for an estim ated  d istance  of 40 m ile s  
to the sea .
The Kedywari le f t  the Indus R iver 16 m ile s  below  the H ujam ri  
trifurcation and flowed in the sam e  gen era l d irection  to the 
sea . C om paratively  the Kedywari was then larger  than the 
H ujam ri. C a r le s s  observed  four a llig a to rs  25 fee t  long ly ing  on the 
bank of Kedywari, for the f i r s t  tim e in h is  expedition to the Indus
INDUS DELTA DISTRIB
1900
Modified from Aitken, 1907.
1837









Source: Aerial Photos, 1952-54.1907.
Tatta* T atta*
O chijo
•  Shah Bunder®Shah Bunder
20
M I L E S
delta. A lligators have s in ce  been exterm inated. Teeteeah left  
the Indus 25 m ile s  inland from  the sea  and joined the Rich el 
River near its mouth before emptying into the sea . The T eeteeah  
was 30 yards broad and had a depth of one and a half to two 
fee t  during the dry season . Other branches, Mai and Mutni, 
shown on his map, were active  only during the flood sea son  
{Map 7 A).
C om parision  of the C a r le ss  map, with the ones published  
around 1900 (Map 7 B) indicates considerable  changes in the 
delta d is tr ib u tar ies . A map published with the G azetteer of the 
Sind P rovince  in 1907 shows Hujamri and Kedywari as  the main  
d istr ib u tar ies , but the o thers , Baghar, Mai, and Mutni, had 
silted  up. The 1907 map shows Hujamri and Kedywari very  c lo se  
to one another at a p lace  about 15 m ile s  above the sea  coast  
(Map 7 B). It se em s that by this time the Indus R iver took the 
main course  through T eeteeah , joined Hujamri 15 m ile s  from  
the co ast  and abandoned its form er course  as indicated on the 
C a r le ss  map (Map 7 A). The T eeteeah  portion was la ter  named  
Ochito, and Hujamri was maintained for the southern portion. 
Som etim e between 1907 and the 1920’s , the Kedywari branch le ft  
its course  and joined the sea  through the Mutni cou rse . This 
change is v is ib le  in the maps published around 1925. With this 
change the name of the distr ibutary a lso  changed to Mutni. This
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change m eant that the d is tr ib u tar ies  which were v e ry  c lo se  to one 
another around 1907 w ere wide apart.
During 1933-34 the H ujam ri cou rse  shifted som e 12 m ile s  to 
the w e s t  from  its  form er  bed. This is  indicated by the decay of 
the port of Vikkur. The Vikkur port was situated a quarter m ile  
from  the H ujam ri in 1836, according  to Heddle (p. 29), but it  is  now 
about 12 m ile s  e a s t  of the Hujam ri. The topographical quadrangles  
published by the governm ent of P ak istan  in 1956 m ention this 
change that occu rred  in  1933-34.
C om parisons with a e r ia l  photographs taken betw een  1952-54  
show further changes which have taken p lace  s in ce  1934. The 
Ochito is  now blocked by a c lay  plug at its  confluence and jo ins  
the sea  through its  e a s ter n  branch, and a new sm a ll  d istr ibutary  
has form ed about 6 m ile s  from  the sea  (Map 7 C).
R iver  Stages
Like weather and c lim ate  r iver  s tages  a re  subjected to ex trem e  
var iab il ity  from  one year  to another. In som e y e a rs  the r iver  
attains a stage  higher than the preced in g  and furn ish es  m ore water  
to the can a ls ,  while in others irr iga tion  su ffers  from  the unexpected  
drop in the r iver  s tage . In the Indus delta  the inundation canals  
r e c e iv e  water only during the r iv e r 's  flood stage . Other sy s te m s  
of irr iga tion  that depend on water from  subterranean so u r c e s  are  
a lso  affected  by r iv e r  s ta g e s .  During high r iv er  s ta ges  the ground-
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■water table r i s e s  c lo se  to the su rface  and shallow  w e lls  and other 
d ep ress io n s  are fi lled  with water and are  used for irr iga tion .
Study of r iv er  s ta g e s ,  th erefore , is  of consid erab le  im portance  
to the study of irr iga tion  in the Indus delta.
The Indus R iver undergoes sea so n a l high and low sta g es  during  
the sum m er and winter se a so n s .  F igu re  3^  shows the gauge 
read in gs at the K otri station , which is  about 45 m ile s  north of 
the delta and was estab lish ed  by the B r it ish  in 1863 for record in g  
daily le v e ls  of the r iv e r  {Sind, 1912, p . l ) .
Sum m er se a so n  is the time of h ig h -r iv er  stage and water  
volum e in c r e a s e s  p r im a r ily  from  m elting  of g la c ie r s  in the w a ter ­
shed a r e a ,  and from  ra in fa ll  in the Indus R iver  catchm ent zone.
In the catchm ent zone of the Indus and its  tr ib u tar ies , nam ely ,  
the Jhelum , Chenab, R avi, Sutlej, and B ea s  (Map 8), an area  of 
over 19 ,877  square m ile s  rem ain s  perpetually  under snow  
(Ahmad, 1958, p. 4). In the su m m er the zone p rov ides an in c r e a s ­
ing amount of m eltw ater  to the r iv e r s .  R ainfall a lso  occu rs  in the 
su m m er from  the d e p r e ss io n s  and s to r m s  which are  s teered  north­
ward by c lo ck w ise  winds on the w estern  p er ip hery  of the Far
i
Gauge read ings of ten -year  in terva ls  w ere  used to show a 
gen era lized  pattern of r iv er  s ta g e s .  F ig u res  for the y e a r s  
1915, 1925, and 1935 w ere  se lec ted  from  the r ec o rd s  
published by the Indus R iver  C o m m iss io n , and f igu res  
for 1955 w ere  taken from  the f i le s  of the governm ent  
of P akistan . Data for 1945 w ere  not availab le .
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E astern  anticyclone that l i e s  over central India at a height 6 km. 
above sea  le v e l  (Naqvi, 1959, p. 58). These d e p r e ss io n s  r e su lt  
in copious amounts of orographic ra in fa ll  in the Indus catchm ent  
basin . The r iver  s ta r ts  to r i s e  in April and by June-Ju ly  it is  
high enough to flow into the inundation can a ls .  In term s of gauge  
r ea d in g , .canals attain their full supply of water when the r iver  
r i s e s  seven teen  fee t ,  which has been ca lled  "fair irr iga tion  lev e l"  
in the Irrigation  R eports (Bombay, 1931, p. 1)
Table 6 ind icates that the h igh est  stage  of the r iver  v a r ie s  from  
year to y ea r , but is  reached  in the la tter  part of August or ear ly  
Septem ber.
Table 6
H ighest Gauge Readings at K otri  
1915 August 31 19 .6  ft.
1925 A ugust 14 21,9 ft.
1935 A ugust 30 2 3 .5  ft.
1955 Septem ber 5 24 ft.
By the f i r s t  week of October the r iv er  drops below the "fair 
irr iga tion  leve l"  and continues to d e c r e a se  throughout the winter  
season, which is  the lo w -s ta g e  period . During the low r iv er  stage  
water does not flow into the can a ls . Irrigation i s ,  there fo re ,  
r e s tr ic te d  to the sum m er sea so n . Table 7 show s that the lo w e st  
le v e l  of the r iv e r  is  a lso  va r ia b le , l ike the h ig h est  le v e l ,  and is
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reached  so m e t im e  during the months of January and M arch.
Table 7
M inim um  Gauge R ead ings at K otri
1915 F eb ru a ry  13 7 .4  ft.
1925 M arch 30 5 .9  ft.
1935 January 25 0. 7 ft.
1955 F eb ru a ry  21 - 2 . 2  ft.
L ike the m axim um  and m inim um  le v e l s  of the r iv e r ,  the period  
of flow above the "fair ir r ig a t io n  le v e l"  a lso  v a r ie s  from  year  to 
y e a r .  D uring the y e a r s  when the r iv e r  d oes  not flow  above the 
"fair ir r ig a t io n  lev e l"  for a su ffic ien t t im e, can a ls  are  cut off 
fro m  their water supply soon er  and the en tire  ir r ig a t io n  com p lex  
su ffe r s .  A s  an exa m p le , in the year  1935 water did not r ea c h  the 
far end of the Baghar and other c a n a ls ,  and consequ en tly  agr icu ltu re  
su ffered  grea tly  for water (Sind, 1938, p. 26). Table 8 r e p r e se n ts  
the va r ia t io n s  in the per iod  of flow above the "fair irr ig a t io n  
le v e l .  "
Table 8





Tables 6, 7, and 8 s ign ificantly  indicate changes which  
have taken p lace  sin ce  1915 in three d irection s:  The m axim um  
le v e l  of the r iver  has in creased ; the m inim um  le v e l  of the 
r iv er  has low ered; and the "fair irr iga tio n  leve l"  tim e is  
reduced to 40 days. T h ese  changes are  presum ab ly  the r e su lt  
of m an's continued in terference-w ith  the r iver  in the way of 
controlled  irr iga tion . Many b a rra g es  have been constructed  in 
the northern  area  s in ce  1915, which have d iverted  water into 
canals before  reach ing  the delta area .
A lso  north of the delta a r ea  during the low stage of the r iver  
water is  diverted into canals through controlled  m eans which  
further red u ces  the r iv er  le v e l  in the delta. During the high  
stage enough water is  ava ilab le  in the r iv e r  and the e x c e s s  
amount of water which would have naturally  gone into inundation  
canals is  contro lled , a llow ing m ore water in the r iv er  to flow  
into the delta ic  a r ea .  T h er e fo r e ,  high le v e ls  are  attained  
during the high stage  in the delta  s in ce  1915, but the period of 
flow above the "fair irr ig a tio n .lev e l"  has continually d e c re a sed  
with the in crea s in g  number of dam s and b arra g es  in the northern  
a r ea  d iverting  water into canals .
Such a view  is  supported by the changes affected  by the construe^  
tion of Sukkur B a r r a g e . Construction  of Sukkur B arrage  was started
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in  1923 and was com pleted  in  1932 to ir r ig a te  7 ,4 0 6 ,0 0 0  a c r e s .
In 1925 the b arrage  was under con stru ction  and su ff ic ien t  
w ater was not d iverted  into the canals  w hich gave 74 days of 
flow  above the "fair ir r ig a t io n  le v e l"  in the de lta , se v en  
days m ore  than 1915 (Table 8). The Sukkur B a r ra g e  was com p leted  
in 1932. In the delta  it  in c r e a se d  the m axim um  le v e l  but red uced  
the per iod  of flow  above "fair irr ig a t io n  le v e l"  to 53 days in 
1935, and to 40 days by 1955.
A bnorm al changes in the m in im um , m ax im u m , and 
"fair irr ig a t io n  lev e l"  have b e e n  r ec o rd ed  during the y ear  
1955, which r e s u l t s  fro m  new  dam s and b a r r a g e s  con stru cted  
u p str ea m  s in c e  the partition  of India and P ak istan . S ince  1948 
the govern m ent of India is  r ep orted  to be u t i l iz in g  in c r e a s in g  
quantities of w ater fro m  the three  e a s te r n  tr ib u ta r ie s  of the 
Indus, n am ely , R avi, B e a s ,  and Sutlej. D uring the y e a r s  1950-  
1955 new irr ig a t io n  p ro jec ts  w ere  com p leted  to irr ig a te  
4 ,3 0 4 ,0 0 0  a c r e s  in the E a st  Punjab a r ea  (P ak istan , 1953, p. 11), 
which con su m es a m ajor part of the w ater . The am ount of 
water fo r m e r ly  contributed by the R av i, Sutlej, and B e a s  to 
the Indus R iver  has d im in ish ed , ca u sin g  th ese  abnorm al  
changes in the r iv e r  r e c o r d .
Such changes in the a v a ila b ili ty  of water for irr ig a t io n  are  
cau sin g  s ign if ica n t changes in the cu ltural lan d sca p e  of the
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delta ic  area . The a e r ia l  photographs show many f ie ld s  which  
have been recen tly  abandoned for lack  of irr iga tion  w ater.
III. CULTURAL SUCCESSION
The Indus V a lley  has w itn e ssed  many m ig ra tio n s  of p eop les  
fro m  the beginning of human h is to ry . T h ese  p e o p le s ,  p r im a r i ly  
from  the w e st ,  introduced a s e r ie s  of cu lture  tra its  which la r g e ly  
constitute  the p r e sen t  lan d scap e . A r ch a eo lo g ica l  ev idence  
ind icates  that the e a r ly  inhabitants of the Indus V a lley  w e re  non­
a g r ic u ltu r is t s .  Mounds of p r e h is to r ic  towns and v i l la g e s  which  
are  thought to date from  5 ,0 0 0  to 20, 000 y e a r s  are  found in the 
v ic in ity  of the a r ea  (Map 8) (W heeler , 1955, p. 21). No co n c lu s iv e  
ev id en ce  has b een  d is c o v e r e d  a s  to when a g r icu ltu re  began. H ow ever,  
the Indus V a lley  c iv i l iz a t io n ,  a h ighly developed  cu lture thought to 
be b ased  upon irr ig a t io n  a g r icu ltu re ,  is  known fro m  the e x c a v a ­
tions a t Mohenjo Daro , H arrappa, and other p la c e s .  T h is c iv i l i z a ­
tion ra n g es  in tim e fro m  about 3 ,0 0 0  B . C . ,  to 1 ,500 B .C .  .During  
this per iod  agr icu ltu re  based  on ir r ig a t io n  was e s ta b lish ed  and m o st  
of the crop s com m on  to Southw est A s ia  today w ere  then grown in 
the a r e a .  Irrigation  is  a ssu m e d  b e c a u se  f lou r ish in g  agr icu ltu re  
was not p o ss ib le  in the Indus V a lley  without irr ig a t io n , which had 
a s e m i-a r id  c lim a te  s im ila r  to that of the p r e sen t .  It app ears  that 
irr ig a t io n  was introduced into the a r ea  fro m  Southw est A s ia  
sh ortly  after the d o m est ica t io n  of seed  cro p s .  The o r ig in  of 
irr ig a t io n  w il l  be d is c u sse d  in a la ter  sec t io n .
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It is  not defin itely  known as  to what type of irr igation , if  it 
was p resen t ,  was p racticed  during the Indus V a lley  c iv il iza t io n .  
W ells did e x is t ,  but their locations indicate that they w ere  not 
used for irr igation . At Mohenjo D aro , a l l  the w e lls  w ere  located  
within the city l im its  (F ig , 4). T h ese  w e lls  w ere  apparently used  
for drinking water and other d o m estic  p u rp oses .  No w ell  has thus 
far been found outside the c ity  l im it s  w here, presum ab ly , f ie ld s  
had ex is ted , which lead s to the conclu sion  that w e lls  w ere  not 
used for irr igation . There is  a lso  no ev idence  to su ggest  that 
canal irr iga tion  was p ra cticed  in the a r e a  during the Indus V a lley  
c iv il iza t ion . Since there is  no ev idence  that w e lls  or canals w ere  
used for irr iga tio n  in this a rea , bas in  irr iga tion  is  the only  
rem ain ing  p oss ib i l ity .  A s im ila r  developm ent of an agricu ltural  
c iv il iza t ion  based on basin  irr iga tion  is  found in Egypt. The 
s im p ler  form  of basin  irr iga tion  le a v e s  l it t le  or no evidence  
behind a s  it  is a s im ple  technique u til iz ing  the overflow  of water  
from  the r iv e r s  during flood tim e. The Indus R iver  r i s e s  from  
sn o w -m elt  and ra in fa ll in the w atershed  during the sum m er  
sea son  and c a u se s  floods in the low er v a lley  from  June through 
Septem ber. At the end of Septem ber the r iver  r e c e d e s ,  leav ing  
the adjoining ground wet. P erh ap s on these wet grounds early  
fa rm e rs  planted crop s and h arvested  them before  the next flood  
season . B ased  on evidence  from  other a r ea s  it is supposed that
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F ig .  4
A w e ll  at Mohenjo Daro
Note the d ifferent la y e r s  of br ick  indicating  
d ifferen t occupation l e v e l s  which c le a r ly  
m ark additions as the l e v e l  of the c ity  
r o s e  on its  rubble.
Photo: D epartm ent of A rch a eo logy  
governm ent of P ak istan
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b asin  irr iga tion  ex isted  s in ce  the beginning of agricu lture  in 
the Indus V alley .
P r e h is to r ic  P er iod
That the Indus V a lley  was populated in p r e -a g r icu ltu ra l  t im es  
by a Stone Age people is beyond question . Two ancient s i te s  
d isco vered  by Teilhard and P e te r s o n  (de T e rr a , p. 331) in the 
h ills  near R ohri c o n c lu s iv e ly  e s ta b lish  this fact. One site  is  
on a l im e sto n e  h il l  w e st-n o r th w es t  of Sukkur, and the other 
is  located  on the Indus bank one and a half m ile s  southeast of 
R ohri (Map 8). Nothing definite  is  known about the r a c ia l  
com p osition  of the p r e -a g r icu ltu re  peop le , as no human 
r em ain s  have been found in the excavations.
R is le y  (quoted by C hatterji, p. 141) b e l ie v e s  that the orig inal  
inhabitants of the Indo-P akistan  subcontinent w ere  M ongoloids. 
This v iew  was adopted in the o ff ic ia l publications of the go vern ­
ment of India and B rita in , and has had an undisputed recognition  
until la te ly . Indian an th rop olog ists , in p articu lar , have now 
challenged R is le y 's  view; they b e l ie v e  that N egritos  w ere  the 
orig inal inhabitants. The b e l ie f  that N egr ito s  f i r s t  inhabited the 
subcontinent was advanced by Hutton in 1931 (Census of India,
Vol. 1, p . 424), based  on ra ce -c u m -la n g u a g e  sequ en ce . The 
anthropom etric  stud ies  made by the A nthropological Survey  
D epartm ent of India confirm  Hutton's v iew  , which is  now widely
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a ccep ted  (C hatterji, 1951, pp. 142-146).
V ery  l i t t le  i s  known about the cu lture of th ese  p eo p le . Teilhard  
and P e te r s o n  (de T e r r a ,  p. 334) d isco v e re d  f la k e s  and co n ica l  
c o r e s ,  which ind icate  a hu ntin g-gath er ing  way of l i f e .  M o re ­
over  we m ay be r ea so n a b ly  su re  that th ese  people  l iv ed  in sm a ll  
sc a tter ed  groups hunting, f ish in g , and gathering  without know­
ledge  of a g r icu ltu re .
The e a r l ie s t  ev id en ce  of the p r a c t ic e  of agr icu ltu re  in the 
subcontinent c o m e s  fr o m  K ile Gul M uhammed s i te  which is  
lo ca ted  in the fo o th il ls  adjacent to the Indus V a lley . T here  appears  
to be a r e la t io n sh ip  b etw een  K ile  Gul M uham m ed and adjacent  
s i t e s ,  with other w id esp read  s i t e s  in B a lu ch ista n  and the 
Iranian p la teau  (Map 8). The d istr ibu tion  of younger s i t e s  toward  
the Indus V a lley  fr o m  the Iranian p la teau  su g g e s ts  an eastw ard  
m ovem en t into the v a l le y .  T h is i s  concluded fro m  K ile  Gul 
M uham m ed, which is  est im a ted  to be 6, 000 y e a r s  old (A lcock,  
p. 41), and Kot D iji ,  which is  about 500 y e a r s  younger than Kile  
Gul M uhammed (Khan, 1958, p. 866).
No defin ite  a r ch a eo lo g ic a l  ev id en ce  has been  d is c o v e r e d ,  but 
A lco ck  (p. 41) b e l ie v e s  that K ile  Gul M uham m ed folk cu ltivated  
wheat and b a r ley ,  and had d o m estica ted  sh eep , go a ts ,  and ca tt le .  
A lc o c k ’s contention is  b ased  on the s im ila r i ty  of a r tifa c ts  and 
h o u se s  o f K ile  Gul M uham m ed with the agr icu ltu ra l s i t e s  in Iraq,
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Syria , and other countr ies . Khan (1958, p. 866) accep ts  Kot D iji  
as a p recu rso r  of the Indus V alley  c iv il iza t io n , which has an 
agricu lture  b a se .  The estim ated  date of 6 ,0 0 0  y e a rs  does not 
m ark the beginning of agr icu lture , b ecau se  the advanced v illag e  
l i f e ,  adobe br ick  h o u se s ,  and a sso c ia ted  a r tifac ts  l ik e  the oven  
indicate that agricu lture  was w ell  developed in these s i t e s .
Since there have been no s ign ificant changes in c lim ate  during  
the la s t  6 to 7 ,0 0 0  y e a r s ,  a s  w ill  be d is c u sse d  la ter ,  agr icu ltu re  
could have developed only on the pr in c ip le  of b as in  irr iga tion  at 
these p la c es .
Nothing is  known about the ra ce  of the people , as  no human  
rem ain s  have been found. C hatterji (1951, p. 143) b e l ie v e s  that 
P ro to -A u stra lo id s  and M editerranean r a c e s  inhabited the sub­
continent of India and P akistan  before  the a rr iva l of the Aryan  
sp ea k ers . The M editerraneans m ay have been the group who 
introduced irr igation  and v illage  l ife  from  the Iranian plateau  
during N eolith ic  t im es .  By about 5 ,0 0 0  y e a r s  ago, agr icu lture  
with b as in  irr iga tio n  appears to have been w ell developed , as  is  
rep resen ted  by the Indus V alley  c iv il iza t io n  s i t e s ,  e sp e c ia l ly  
those at Mohenjo Daro and Harrappa.
A rch a eo lo g is ts  have d isco v ered  con sid erab le  evidence  to show  
highly developed agricu lture  in the Indus V alley  c iv il iza t io n  in the 
form  of storage  v e s s e l s ,  g ra n a r ie s ,  and charred rem nants of s e e d s .
The m ain  crop s grown w ere  wheat, b a r le y ,  s e s a m e ,  and cotton  
(P iggot, p. 153). Other stu dents , notably P ith aw a lla , b e l ie v e  that 
canal irr ig a t io n  was used to water the f ie ld s  of these  e a r ly  fa r m e r s .  
F ollow in g  F r .  H e r a s ,  P ith aw alla  (1937, P t. II, p. 16) sa y s  that 
"an in scr ip tion  on one of the s e a ls  d is c o v e r e d  s ta te s  c le a r ly  that 
two canals  w ere  constru cted  in the month of Kudan (A quarius), and 
M ania (P is c e s )  in the w ood -p eck er  (?) country: another se a l  
r e c o r d s  that it took th irteen  m onths to co n stru c t  a  canal, " which  
a cco rd in g  to h im  is  su ff ic ien t  ev id en ce  to e s ta b l ish  the p r e se n c e  
of canal irr ig a t io n . H era s  and P ith a w a lla ’s s ta tem en ts  a r e ,  
h o w ev er , without foundation, as  the in scr ip t io n  on the s e a l s  of the 
Indus V a lley  c iv i l iz a t io n  have not y e t  b een  s u c c e s s fu l ly  dec ip hered  
(W heeler , 1955, p. 21; B row n, p. 29 , and o th ers ) .  A e r ia l  su r v e y s  
have a lso  fa iled  to r e v e a l  any trace  of ancien t can a ls  (D row er, V. I, 
p. 522), which le a v e s  b a s in  irr ig a t io n  as the only a ltern a tiv e .
T r a c e s  of em bankm ents and w a lls  d isco v e re d  around the s e t t l e ­
m ents at Mohenjo D aro su g g es t  that they m ay have been  e rec ted  
in part to keep out flood w ater fro m  the se t t le m e n ts  and the cu ltivab le  
a r e a  w as le f t  open for b a s in  irr ig a tion .
B y  this tim e the v i l la g e s  had developed  into urban c e n te r s  such  
as Mohenjo Daro and H arrappa (Map 8). The tim e and sequ en ce  
of even ts  in which the v i l la g e s  developed  into urban c e n te r s  are  
not known. The p r o c e s s  m ay have been  the sa m e  a s  advocated  by
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Adam s (p, 11) for the contem porary c iv il iza t io n  of M esopotam ia.
The population in crea sed  consequent to an agricu ltural way of l ife ,  
resu lt in g  in the developm ent of larger  urban c en te rs .  When m ost  
of the arab le  land was o ccu p ied ,com p etit ion  for its  u se  probably  
led  to the am algam ation of neighboring v i l la g e s  into urban cen ters  
s im ila r  to those in the Indus V alley  c iv i l iza t io n  s i t e s .
The culture w as next enriched by. sem i-n o m a d ic  A ryans from  
the w e st  who arr ived  around 1, 500 B . C . ,  and made the Indus 
V alley  their hom e. After contacts with the people  of the Indus 
V alley  they b eca m e sedentary  a g r ic u ltu r is ts  and continued the 
form er  irr igation  p r a c t ic e s .  They developed a com plicated  re lig io n  
and introduced the concept of fam ily  ow nership of the land. The 
c a s te  sy s te m , which now dom inates e v ery  facet  of Hindu l i f e ,  
and the v i l la g e s  surrounded by fen ces  w ere  introduced by the 
A ryans. T h ese  tra its  s t i l l  e x is t  at som e p la c es  in the Indus delta. 
H isto r ic  P er iod
At the tim e of A lexan d er’s invasion  of the Indus V alley  in 
326 B .C .  , Sind was dominated by the Buddhist re lig io n . This r e l ig io n  
w as w idespread in the v a lle y  as  is  evidenced by the d istr ibution  
of arch aeo log ica l  s i t e s .  Worship stupas and sto n e-ca rv ed  f igu res  
of Gautama Buddha have been  d isco v ered  at Mohenjo Daro and other 
p la c es  (F ig . 5). E ar ly  in the third century the m ighty kingdom of 
the Buddhist Maurya dynasty developed in India and extended its
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F ig .  5
Mohenjo D aro 3000-1500 B. C.
In the background is  a  v iew  of a  se co n d -  
century  A. D. , Buddhist supta . T his  
in d ica tes  a reoccu p a tio n  of the s i t e .  In 
the foreground  are  excavated  bu ild ings  
of burnt b r ic k s .
Photo: D epartm en t of A rch a eo lo g y  
govern m ent of P ak istan
i ts  terr itory  into Sind. A rthashastra  , a book w ritten during this  
tim e (quoted by B hargava , p. 10), m entions that the kings w ere  
much concerned with agr icu ltu re  and allotted  the arable  land to 
peasan ts for cultivation. Apparently, agr icu lture  was w ell e s ta b l ish ­
ed but nothing new was added to irr igation . H ow ever, any contribu­
tion of the Buddhists to agr icu lture  or irr iga tion  is  disputed by 
M asson and h is  a s s o c ia te s  (p. 60). A ccord ing  to them , the negative  
attitude of Buddhist l ife  added nothing new to the landscape. The 
M auryans were su cceed ed  by other lo ca l Hindu d y n a st ies ,  which  
ruled over Sind until the M u slim s cam e in 712 A .D .  Hence it may  
be said that agr icu lture  w as continued without any sign ificant  
change in irr iga tion  p r a c t ic e s  until the a rr iv a l  of the M u slim s.
Arab M uslim s subjugated Sind in 712 A .D .  , and introduced a 
new culture into the area . A la rge  number of native people  w ere  
converted to Is lam  and s in ce  then Sind continues to be a stron g­
hold of M uslim s in the Indo-P akistan  subcontinent.
Follow ing the Holy Quran (Suratul B aqar, Ruku 36), M uslim s  
gave great im portance to agr icu lture  and developed irr iga tion  in 
many w ays. They brought the a n im al-p ow ered  noria  , which is  
lo ca l ly  known as the n a r . The nar is  a w a ter - l i f t in g  d ev ice , which  
r a is e s  water from  the r iv e r ,  ca n a ls ,  and w e lls  (F ig . 6). Since  
it i s  an im portant technique of irr iga tion  in the Indus delta, it w ill  
be d is c u sse d  in deta il in Chapter VI along with other irr igation
F ig .  6
Nar {Noria a ls o  ca lled  P e r s ia n  wheel)
The p r in c ip le  in vo lves  a  s m a l l  h or izon ta l w heel  
(a) w hich is  held  in p la ce  by a perm anent  
v e r t ic a l  a x is .  The turning of the sm a l l  h o r iz o n ­
tal w h eel by oxen, c a m e ls ,  or donkeys turns  
a v e r t ic a l  cog  w heel with a long  ax le  (b) which  
turns the la r g e r  v e r t ic a l  w a te r - l i f t  w heel (c).
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techniques. Until irr iga tion  dams and perennial canals w ere  
introduced, the nar was one of the b est  known methods of lifting  
water onto the f ie ld s  for irr iga tion  (W orlidge, p. 18).
A s agricu lture  was consid ered  to be a resp ec ta b le  occupation  
among M u slim s, the su cceed in g  d yn asties  continued the irr igation  
p r a c t ic e s .  Among them , the Kalhora dynasty (1720 A .D . ) notably  
concerned i t s e l f  with the developm ent of irr iga tion  and a g r ic u lt ­
ure. The Kalhora dynasty cam e into power during the early  part  
of the eighteenth century in the Indus V a lley . Many inundation  
canals  (canals dug with l e v e ls  concordant to r iver  beds) w ere  dug 
for irr ig a tio n  under this dynasty , som e  of which s t i l l  surv ive  
in upper Sind with nam es like Nurwah, N asratw ah, and o th ers .
Sind was one of the la s t  a r e a s  in the subcontinent to com e  
under B r it ish  control. Though m erca n ti le  contacts had been  
estab lish ed  by the B r it ish  around 1764, Sind was not conquered  
until 1843. Significant changes took p lace  in irr igation  during the 
B r it ish  ru le .  An irr iga tion  c o m m iss io n  was se t  up in 1899-1900 
to im prove and m aintain the ex is t in g  irr iga tion  s y s te m s .  The 
B r it ish  undertook im provem ents broadly along two l in e s .  F ir s t ,  
they im proved the ex is t in g  inundation can a ls ,  annually dredged the 
canal beds and provided reg u la to rs  at p la c e s  where the canals took 
off from  the r iv e r .  The water flow could be controlled  by these  
reg u la to r s ,  c lo s in g  the gates when no m ore water was needed in the
61
canals . Second and m o st  sign ificant was the introduction of 
perennial canals in 1932. P eren n ia l  canals a s s u r e  water through­
out the year, and are  regu lated  through a barrage . A  barrage is  
a broad p latform  of concrete  extending a c r o s s  the r iv e r .  On the 
platform  is erected  a heavy m ason ry  bridge with arched openings  
se v e r a l  yards wide betw een so lid  p ie r s .  The openings can be  
c lo sed  by iron s lu ice  gates which slide  up and down in groov es ,  
and are r a ised  or low ered  by a travelling  crane to keep the 
r iver  upstream  at the required  le v e l  to d isch arge  water into the 
canals .
B r it ish  ru le  over the Indo-P akistan  subcontinent ended in 
August,* 1947. B r it ish  India and the native sta tes  w ere  partitioned  
into two co u n tr ies , P ak istan  and India. In the new organization  
the Indus delta  b ecam e a part of W est P akistan . P akistan  is  
undertaking an o v e r -a l l  im provem ent of the irr iga tion  s y s t e m s ,  
and perennial canals  are being constructed in the delta for the 
f i r s t  time through a barrage  located  at K otri. With the co op erat­
ion of international a g e n c ie s ,  the World Bank, and the United 
States governm ent, construction  of irr iga tion  dam s and w e irs  
is the main concern  of the agr icu lture  developm ent p rogra m s.
IV. ORIGIN AND DEVELOPMENT OF IRRIGATION
A rtif ic ia l  watering of farm  land to supply m oistu re  for crops  
is  p racticed  m ainly  in arid reg io n s  where ra in fa ll  is  not su ffic ien t  
to m eet crop water req u irem en ts .  B a s ic a l ly  there are  three main  
sy s te m s  of irr igation . The f i r s t  is  basin  irr ig a tion , resu ltin g  
from  the overflow  of r iv e r s ;  the second , the l if t  sy s te m , w herein  
water i s  ra ised  from  subterranean and su rface  water so u rc es  
like r iv e r s  and lakes; and, third, is  the conduction of water from  
the su rface  water bod ies like  r iv e r s ,  la k e s ,  and springs through 
the use of su rface  or su bsurface  can a ls . Irrigation  patterns w ere  
probably f ir s t  developed and used in the arid a r e a s  from  Egypt 
to W est P akistan . P r e h is to r ic  agr icu ltu ra l c iv il iza t io n s  in this 
area  u tilized  the flood plains of r iv e r s  and the wetter mountain  
s lo p es .  The world d istr ibution  of th ese  c iv i l iz a t io n s  in reg ion s  
of water defic ien cy  and the agricu ltura l growth connected with 
them have led to a v a r ie ty  of v iew s  regard ing  the or ig in  of 
irr igation .
O rigin of Irrigation
N ew ell and h is  a s s o c ia te  (pp. 1-2) advocate the or ig in  of 
irr iga tion  in se m i- tr o p ic a l  and r e la t iv e ly  arid r eg io n s ,  w here  
there is  sea so n a l overflow  by la rg e  r iv e r s  like the N ile . The head­
w aters of these s tr ea m s  are in the higher plateau or mountain  
reg ion s where sea so n a l rain  or m elting  snow produces high r iver
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s tages  during one of the se a so n s .  In the ear ly  s tages  of a g r ic u lt ­
ural developm ent man learned  to guide or a s s i s t  the overflow  
of s tr ea m s by building crude d itch es . L ater , canals and other  
m ethods w ere used to channel water into the f ie ld s  which w ere  
not watered by natural overflow . A s  irr iga tion  techniques  
developed, irr iga tion  b ecam e independent from  the natural r i s e  
of the s tr e a m s .  Spinden (p. 270) has gone a step further to say  
that agr icu lture  originated fro m  the invention of irr iga tion  in 
arid  a r e a s .  He thinks in arid  a r ea s  the natural food supply was 
lack ing  as com pared to humid a r e a s  w here enough food was  
availab le  for the food-gath erin g  p eo p le s .  The paucity of food and 
greater  demand in arid a r e a s  led to the invention of irr ig a tio n  
and a gr icu ltu re . Steward (1930, p. 148) and Huntington (p. 444) 
fo llow  N ew ell and Spinden in a gree in g  that the or ig in  of irr ig a tion  
was in arid a r e a s .  H ow ever , Steward has changed this v iew  
la te ly  (1955, p. 72) and now b e l ie v e s  irr iga tion  began with sm a ll  
dams and ditches as  a supplem ent to ra infall probably in the 
upper tr ibutar ies  of the m ain r iv e r s .  Some have located  the 
orig in  of irr iga tion  in Egypt (Ency. B r . , V .X II, p. 685).
The notion that irr iga tion  originated in the flood p la ins in arid  
r e g io n s ,  or that agr icu lture  originated fro m  the invention of 
irr iga tion  do not appear tenable, for irr iga tion  is  the r e su lt  of and 
not a cause  of ag r icu ltu re . S im ply, before  m an can attem pt to
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irr igate  his f ie lds he m ust have knowledge of agriculture and 
the ch a ra cter is t ic s  of crop s, including their water requirem ent.  
This knowledge can be acquired by man only when he has 
cultivated a particular crop for a suffic ient tim e. Accepting  
this v iew , the preh istor ic  c iv il iza tion s of the larger  r iver  flood  
plains do not appear to be the p laces  of origin , s ince  irrigation  
agriculture was w ell e stab lished  at these p laces  with the e a r l ie s t  
record . The physical conditions as  w ell refute the p oss ib il ity  of 
origin  of irr igation  in Egypt or e lsew h ere  in the larger  flood  
plains. In these a r ea s ,  the original physical landscape was charact­
erized  by great f loods, shifting r iver  channels , large  sw am ps, 
m a rsh e s ,  and thickets of reedy vegetation. In order to cultivate  
and irr iga te  these flood plains man had f ir s t  to learn  to control  
the shifting r iv e r ,  drain the swam ps and m a rsh e s ,  and c lear  the 
vegetation. It is  hard to be lieve  that ear ly  man did all this and 
began h is  experim ents with irrigated  farm ing on the la r g e s t  
and m ost form idable r iver  flood plains (Rostlund, p. 48). The 
conclusion i s ,  therefore , that these  flood plains w ere  settled  
by a people who a lready had som e experience  with irrigation .
The beginning of irr igation  im p lies  that man had f ir s t  acquired  
the knowledge that artif ic ia l watering augments the deficient  
supply of natural m oisture  and that deliberate  attem pts w ere  made  
through som e technique to apply water to the f ie ld s .  The knowledge
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that artif ic ia l watering enhances the wild h a rv est  perhaps com es  
from  food-gathering t im es . In the food-gathering stage , man 
m ust have observed that wild g r a s s e s  grow m ore luxuriantly  
near s tream s and springs and in the dry beds of water c o u r ses .
The luxuriant growth of wild g r a s s e s  in proxim ity to r iv e r s  m ust  
have resu lted  from  overflow of water from  the r iver  banks 
during the flood season . Such a view  is  supported from  evidence  
of food-gathering Paiute Indian bands, who lived  in the d esert  
and scrub lands of the plateaus and basins of w estern  North 
A m erica  until the late nineteenth century (Forde, V. I, p. 173). 
According to Forde,
"A Paiute band of a hundered or so exploited a com m on  
terr itory  of som e hundered square m ile s .  This usually  
included tracts of a v a lle y  floor yielding g r a ss  se e d s ,  
and wooded r idges providing the m ost important food 
so u rc es .  G r a s se s ,  edible bulbs and roots  w ere  m ost  
copious where the snow m elt  provided additional 
water supply. This suggested  a form  of irr igation . "
Irrigation as a de liberate  watering of the f ie lds m ust have been  
practiced  at the p lace  where agricu lture  originated. Sauer (p. 74) 
has suggested the origin of seed  agricu lture during Neolithic  
tim es in Southwest A sia . In the beginning, agriculture probably  
was practiced  without irr igation , as there are reg ions of copious  
spring rainfall in Southwest A s ia , Syria , the C aucasus, and 
P a le s t in e ,  for exam ple. Through the p assa g e  of tim e, early  fa rm e rs  
acquired sp ec ia l sk ills  which pred isp osed  them to augment their
h a r v e sts  by irr igation . The form  of irr iga tion  was lik e ly  by snow  
m elt or the overflow  of r iv e r s ,  ca lled  b as in  irr igation . Irrigation  
was probably f i r s t  p racticed  in the sm a ll  r iver  v a l le y s  of the 
foo th ills  of Southwest A s ia ,  an a r ea  predom inantly arid with  
su ffic ien tly  high mountains to have snow a ll  year round. Snow 
m elts  during the sum m er se a so n  and the sm a ll  s tr e a m s  overflow  
their banks form ing s i t e s  for cultivation. Such p r a c tic e s  a r e  s t i l l  
com m on in w estern  footh ills  of W est P akistan , and support the 
b e l ie f  that irr ig a tion  originated in the sm a ll  a llu v ia l v a l le y s  in the 
footh ills  of Southwest A s ia ,  Irrigation  techniques consequently  
m igrated  to the m o r e -a r id  low er  r iver  flood p la ins in Egypt, 
M esopotam ia , and W est P ak istan , which through tim e b ecam e  
the key irr igation  c e n te r s .
The p r a c tic e  of irr iga tion  in the Indus V alley  c iv il iza t io n  is 
s t i l l  disputed by a r c h a e o lo g is ts .  A rch aeo logy  did provide am ple  
ev id en ce  of ag r icu ltu re , but fa iled  to g ive  any indication of the 
p r o c e s s  of water supply, which led to the com m on b e l ie f  that a 
wet c lim a te  preva iled  in the area  during that t im e. E v idence,  
h ow ever, im ita te s  aga in st  such a v iew  and e s ta b lish es  the b e lie f  
that the Indus V alley  c iv i l iza t io n  flourished  on basin  irr igation .
M ackay (1948, p. 77), M arsh all (1928, p. 38), W heeler (1958, 
p. 9), de T e rr a  (p. 333) and o thers su gg est  that 5, 000 y e a r s  
ago the c lim ate  of the Indus V a lley  w as m ild er , with abundant ra in -
fa ll.  They b e liev e  that h eav ier  m onsoon ra in fa ll a llow ed a g r ic u l-  
ture and caused luxuriant growth of fo r e s t s .  A n im als  that 
inhabited the fo r e s t s  are depicted on the s e a ls .  The s e a ls  depict  
anim als  l ik e  r h in o c e r o se s ,  t ig e r s ,  water buffa loes, e lephants, 
and others (F ig. 7) which are  found in w e ll-w a tered  fo r e s t s .  The 
second line of argum ent proving h eav ier  ra in fa ll  is  based  on the 
use  of burnt b r ick s  at Mohenjo Daro and Harrappa. The idea  
im plied  is  that burnt b r ick s  w ere used  to withstand the heavy  
ra in fa ll  p reva len t  at that tim e.
The b e l ie f  that anim al f igu res  appearing on the s e a ls  and burnt 
b rick s  indicate heavy ra in fa ll  s e e m s  to lack cogency. Many se a ls  
display hybrid an im als  (ch im era s) ,  part bull and part elephant, 
half tiger and half man. Such an im als are known never to have  
ex is ted  and thus are  not c lim atic  ind ica tors . P erh ap s the an im als  
which appear on the s e a ls  w ere  the or ig ina l totem s at a p r e - a g r i ­
culture le v e l  which m ust have ex is ted  in a hunting ter r ito r y .  The 
compound an im als  perhaps sy m b olize  jo int clan terr ito ry , with 
a hybrid totem or com bined cult (K osam bi, p. 63). M oreover , the 
b e l ie f  that an im als  and burnt b r ick s  prove heavy ra in fa ll is  
ca teg o r ica lly  d isproved by the recen t  d isco v e ry  of an agr icu ltura l  
v illa g e  s ite  at Kot Diji, estim ated  to be 5 ,50 0  y e a r s  old and 
located  25 m ile s  ea st  of Mohenjo Daro. Kot D iji h ou ses  a re  made of  
sun-dried  b r ick s and stones and there are  no anim al f ig u res  on the
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F ig . 7
S ea ls  found, at Mohenjo Daro
Note the f igu res  of com bined an im als  on 
the s e a ls .
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s e a ls  (Khan, 1958, p. 866). L o g ica lly , if the an im als  and burnt 
brick s w ere  the r e su lt  of m o is ter  c lim ate  as  has been advocated  
by the a r c h e o lo g is t s , these  sam e fea tu res  should have appeared  
at the Kot D iji s ite .
S im ilar  b e l ie f  that there has been no sign ificant c lim atic  
d es icca t io n  during the past  6 to 7 ,0 0 0  y e a rs  has been advanced  
by A dam s, Zeuner, and D orf. Adam s (p. 7) from  studies of 
ch arcoa l, m o llu sc a ,  and fauna from  the K arim  Shahir s ite  shows  
that rainfall and, even to a greater  d eg ree , the flora l cover  w ere  
the sam e  during the M esopotam ian c iv il iza t io n  as they a re  now. 
Zeuner (p. 28) f ix es  the la s t  change in the c lim a tic  reg im e  as  
around 7 ,0 0 0  B. C. , im plying that there has been no s ign ificant  
change s in ce  then. M oreover , Dorf (p. 109) from  pollen  record s  
has concluded that 5 ,0 0 0  to 2 ,0 0 0  B .C .  was a period of s o m e ­
what higher tem perature . This would im ply  even m ore arid  
conditions in the Indus V alley .
Burnt b r ick s  do not appear to be consequent to a r ea s  of 
heavy ra in fa ll ,  but w ere  developed in the flood plains as  a 
cultural phenomenon. B r ick  h ou ses  as perm anent se tt lem en ts  are  
an e x p ress io n  of settled  com m u nities  which cam e into being as  
a r e su lt  of the change from  a food -gatherin g  to a food-producing  
econom y. A b sence  of sh e lte r s  in the food-producing a r ea s  led  
to the building of h ou ses  as perm anent se t t le m en ts .  The e a r l ie s t
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evidence  of the u se  of sun-dried  brick  com es from  the sm all  
villa ge  s i t e s .  The p r o g r e ss iv e  developm ent of b r ick s ,  from  sun-  
dried to burnt, appearing in a sso c ia t io n  with the sm a ll  v il lage  
s i t e s  and urban c e n te r s ,  ind icates that burnt br ick s  developed  
consequent to the d ev e lo p m en t of irr iga tion  agr icu ltu re .
The above conclusion  is  a ttested  by arch a eo lo g ica l  d is c o v e r ie s  
in the Indus V alley . The sedentary agricu ltural v il la g e  s i te s  
found at K ile  Gul Muhammed and Kot D ij i  have sun-dried  br ick  
h o u ses . At this tim e irr iga tion  agricu lture  was in its incip ient  
stage , but by about 3, 000 B. C. som e of these  v i l la g e s  developed  
into urban s i t e s .  By this tim e, a s  is  r ep resen ted  by the Indus 
V a lley  c iv il iza t io n  s i t e s ,  Mohenjo Daro and Harrappa, irr iga tion  
agricu lture  was much developed and burnt b r ick s  w ere used  as  
construction  m a ter ia l.  It may have been  d iscovered  by this tim e  
that sun-dried  b r ick s  required  only baking in the kiln to fit  
them for m o r e -e x a c t  and perm anent function. S im ilar deve lop m en t­
al p h ases  have been  observed  by Lloyd (V. I, p. 461) at H assuana  
and other s i t e s  in M esopotam ia , which w ere  using burnt b r ick s  
by 3, 2 0 0 -2 ,8 0 0  B .C .
Since the c lim ate  has not changed greatly , the conclu sion  is 
that the Indus V alley  c iv il iza t io n  developed on basin  irr iga tion  
l ik e  the Egyptian c iv il iza t ion . Irrigation  was w ell developed in 
the Indus V a lley , and wheat, b ar ley , s e s a m e ,  and cotton w ere
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grown (P iggot, p. 153). P e o p le s  who a lread y  had a knowledge of 
irr iga tion  and agr icu ltu re  probably m igrated  fro m  the w estern  
fo o th il ls  and se tt led  in this a rea .
Such a co n c lu s io n  is  strengthened  by arch a eo lo g y . The Indus 
V a lley  c iv i l iz a t io n  is  1 ,000 y e a r s  or m ore  younger than the 
a g r icu ltu ra l s i t e s  d is c o v e r e d  by A lco ck  (1955) and de C adri (1959) 
in the adjacent fo o th il ls  in B aluch istan . A lco ck  d isco v e re d  an 
ag r icu ltu ra l s i te  at K ile  Gul M uham m ed, and de C adri d isco v e re d  
sed en ta ry  v i l la g e  s i t e s  in sm a ll  r iv e r  v a l le y s  at A n jira , Tojau, 
Siah, and e ls e w h e r e  {Map 8), with su b s is te n c e  b ased  on cu ltivation  
of wheat, b a r le y ,  and d o m est ica ted  sh eep , goat, and ca tt le .  It 
app ears  that la te r  deve lop m en ts  in technology sh ifted  the c e n te r s  
of upland v a l le y  a g r icu ltu re  to the Indus plain. Nothing defin ite  
can be sa id  about the tim e of shifting of agr icu ltu re  s i t e s  from  
the fo o th il ls  to the p la in s , but p o s s ib ly  it m ay have been  
around 3 ,0 0 0  B. C. The cu ltivation  of wheat and b a r ley  continued  
a s  winter c r o p s ,  a s  w as the p r a c t ic e  in the highland. The r iv e r  
r e c e d e s  from  the f loods at the end of su m m er , lea v in g  the ground 
wet; w heat and b a r ley  could then be sown and h a r v e sted  as winter  
cro p s .
D evelop m en t of Irr igation  Techniques
M ost irr ig a t io n  techniques w e r e  developed  in the flood p la ins  
of arid  a r e a s .  B a s in  irr ig a t io n  was developed  into canal irr ig a t io n
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and w ater-l ift in g  d ev ice s  developed from  sim ple  r e c e p ta c le s  to 
water w h ee ls  and other techniques. The bulk of inform ation  
regarding  such developm ents co m es from  M esopotam ia.
B asin  irr igation  
B a sin  irr igation  is  the o ld est  form  of irr igation , once practiced  
by the p reh isto r ic  agr icu ltura l c iv il iza t io n s  of Egypt, W est 
P akistan , and other arid reg io n s  w here r iv e r s  sea so n a lly  overflow ­
ed their banks. This s y s te m  b e c a m e  w idespread perhaps  
b ecau se  it  is  a s im p le  technique with many advantages. Man 
s im ply  took advantage of a natural phenomenon and cultivated the 
flooded a r ea s  after the r iver  reced ed . No further w atering was 
n e c e s s a r y  for winter crops of wheat, b ar ley , and f lax , which  
w ere  the m ain crops grown in p reh is to r ic  t im es .  A r t if ic ia l  
manuring of the f ie ld s  was u n n ecessa ry  b eca u se  s i l t  r ich  in 
decom posed  vegetab le  m atter and phosphate was spread over the 
f ie ld s  by the natural overflow . No a r tif ic ia l  drainage was  
required b ecau se  surplus water drained off through the natural 
drainage sy s tem .
F ro m  its in itial u tilization , b as in  irr igation  has developed  
in many ways for which m ost  of the inform ation is  availab le  fro m  
Egypt but is  lacking in the Indus V alley . Drower (V. I, p. 536) 
says  the overflow  in Egypt was reta ined outside the cultivable  
a r ea s  by a b a rr ier  of stones and mud along the banks of the 
r iv e r .  Tradition is  that M enes (King of Egypt, c. 3 ,4 0 0  B . C . )
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w as the f i r s t  to build  th ese  b a r r ie r s  to contro l the N ile  (H urst, 
p. 39). A  sm a l l  gap was m ade in  the b a r r ie r ,  through w hich the 
f ie ld s  w ere  flooded. When the ground w as sa tu rated  the h o le  was  
c lo s e d  with mud and the e x c e s s  w ater drained off. T h ese  im p r o v e ­
m en ts  probably developed  s lo w ly  in  nearby  fo o th ills  and m ark  
the f i r s t  p h ase  of im p roved  b a s in  irr ig a tio n . The next step  was  
to co n stru ct  a dyke around an a r e a  not d ir e c t ly  contiguous to 
the N ile  banks and then to add m o re  dyk es . T his gave r i s e  to 
the P haraon ic  s y s te m  of b a s in  ir r ig a t io n  in  w hich earthen  banks 
w ere  co n stru c ted  p a r a l le l  to the N ile  and w ere  in te r s e c te d  by  
c r o s s  drykes  e n c lo s in g  a la r g e  a r e a  (D row er , V. I, p. 536). This  
s y s t e m  is  s t i l l  p r a c t ic ed  in north  Egypt to cu ltivate  wheat, b a r le y ,  
and fodder crop s (F is h e r ,  p. 462).
hi W est P a k is ta n  no v isu a l  ev id en ce  r em a in s  to ind icate  the 
s y s t e m  of b a s in  ir r ig a t io n  p r a c t ic e d  in e a r ly  t im e s .  P erh ap s  
im p ro v em en ts  w ere  not m ade in the Indus V a lley  a long  the sa m e  
l in e s  as they w ere  in Egypt. It d oes  app ear , h o w ev er , that 
se t t le m e n ts  w ere  p ro tec ted  fro m  floods by em bankm ents and 
w a lls ,  and cu lt ivab le  a r e a s  w e r e  le f t  open to f loo d s . At Mohenjo 
D aro , w a lls  and em bankm ents w e r e  con stru cted  along the r iv e r  
(K osam bi, p. 50).
Canals
The d eve lop m en t and u t i l iza t ion  of can a ls  w ere  im portant
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ad van ces on b a sin  irr ig a tio n , for they m eant that land loca ted  
at greater  d is ta n ce s  from  the r iv e r s  could be u tiliz ed  for  
farm in g . Canal irr ig a tio n  made agricu ltu re  p o ss ib le  in a rea s  
w here low  r iv e r  s ta g es  o ccu rred  during the grow ing se a so n  and 
le d  to the evolu tion  of su rface  and su bsu rface  can a ls. Surface  
can a ls w ere  connected  to m ajor r iv e r s  on concordant s lo p e s . 
Subsurface can a ls w ere  excavated  in a llu v ia l fans at the b a se s  of 
m ountain s lo p es  and extended to the v a lle y s .
O ld est ev id en ce of canal irr ig a tio n  co m es from  the M esopota­
m ian c iv iliz a tio n  w here can als w ere  used  in stead  of b asin  
irr ig a tio n  to overcom e the unfavorable reg im en  of the T ig r is  
and E uphrates r iv e r s . The reg im en  of th ese  r iv e r s  is  d ifferen t  
from  that of the N ile  and Indus r iv e r s  in that the N ile  and Indus 
flood from  June through Septem ber w h ereas the T ig r is  and 
E uphrates flood  from  D ecem b er through May (F ish e r , p. 343). The 
T ig r is  and E uphrates reced e  in June and are  a t their lo w e st  in  
Septem ber and O ctober; th ere fo re , low  w ater occu rs at the 
beginning of the hot se a so n  when water i s  needed  m o st to saturate  
the ground. Irrigation  on a la rg e  sc a le  could be p o ss ib le  only  
through the d igging of canals a s  w as p racticed  in  M esopotam ia.
It is  not known when canal d igging actu a lly  orig in ated  in 
M esopotam ia, but can als m ay be as old  as the M esopotam ian  
c iv iliz a tio n  it s e lf .  F ro m  the third m illen iu m  B .C . onw ards there
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are  many m en tion s of canal build ing in the r e c o r d s  of the 
r u le r s  of Sum er and Akkad and la ter  of the united country ca lled  
B abylon ia  (D row er, V. I, p. 547).
Subsurface ca n a ls  w ere  d evelop ed  to p ro tec t the w ater from  
evaporation  and pollu tion  perhaps at p la c e s  w h ere l it t le  w ater  
w as a v a ila b le . A ccord in g  to F o r b e s  (V .II , p. 666) the technique  
of su b su rface  can a ls w as f ir s t  develop ed  by an cien t m in ers  to 
draw w ater fro m  the m in e s . He b e lie v e s  A rm en ia  is  probably the 
p la ce  of o r ig in  of the su b su rface  ca n a ls . The tim e of o r ig in  is  not 
known.
The su b su rface  canal i s  a gently  s lop in g  h or izon ta l tunnel that 
extends from  the a llu v ia l fan or g ra v e l outw ash a t the foot of 
the m ountains to the a g r icu ltu ra l v a lle y . The ra in  w hich fa lls  on 
the h igh lands runs qu ick ly  off the b ed rock  of the m ountain fa ce  
and se e p s  into the g r a v e ls  and sands of the b ord erin g  s lo p e s .  
About n in e-ten th s of the runoff w ater g o es  underground w ithin  
a few  m ile s  and is  tapped by the su b su rface  c a n a ls . V e r tica l  
sh afts to the su rfa ce  e v er y  fifty  yard s or so  a r e  m ade to d isp o se  
of the excavated  d eb r is  and to c lea n  the canal p e r io d ic a lly  (F ig . 8). 
The c o u rse  of the su b su rfa ce  canal is  m arked on the su rface  
by a line of sm a ll co n es of ru b b le. Subsurface can a ls a re  u tiliz ed  
p r im a r ily  in a r e a s  w here su rfa ce  w ater is  g en era lly  inadequate  
and lo c a l groundw ater is  too deep or too sa lin e  to be u sed . The
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F ig . 8
Qanat
A s im p lified  longitudinal se c tio n  of m odern  
su b su rface  canal (qanat) in P e r s ia . The 
conduits are  often se v e r a l m ile s  in length  
with v e r t ic a l sh a fts , which m ay be as m uch  
as 300 ft. d eep , a t in terv a ls  of about 50 
y a r d s .
M odified from  D row er, 1957.
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o ld e s t  ev id en ce  of su b su rface  can a ls c o m es fro m  M esop otam ia , 
w h ere one w as con stru cted  around 1 ,240  B . C. by an A ssy r ia n  
m onarch  (D row er, V. I, p. 534). T hey w ere in wide u se  in Iran  
in the period  of A cam en ian  k ings (6th century B .C . to 321 
B . C .) and in W est P a k ista n  about 300 B . C. The Iranians introduced  
th is technique into E gypt and m o re  p a r ticu la r ly  to the K haraja  
o a s is  probab ly  during the r e ig n  of D ariu s I (521-485 B . C. )
(W ilber, p . 121). Su b su rface  can a ls have a lso  sp read  to tra n s-  
c a u c a sia  and as far a s  sou thern  M orocco . A rabs introduced  
them  in  Spain about the eighth  cen tu ry  A . D. , and the Spaniards  
in troduced  them  into South A m e r ica  (C r e s se y , p. 44). T h ese  
su b su rfa ce  can a ls a r e  v a r io u s ly  known as q a n a ts , k a r e z e s , and 
fo g g a ra s . In Iran they a re  known a s  q a n a ts , in B a lu ch istan  as  
k a r e z e s , and in A fgh an istan  as both qanats and k a r e z e s  (H um lum , 
p. 318). The word karez  is  P e r s ia n , but is  u sed  ou tsid e  of Iran  
in B a lu ch istan  and in som e p a rts  of A fghanistan . A pparently  
su b su rfa ce  can a ls w ere  introduced  to th ese  a r e a s  from  Iran and 
their n am es have not changed. Qanat is  an A rab ic  word m ean ing  
a su b su rfa ce  can a l or conduit for w ater . In the m ajority  of p la c e s  
w h ere su b su rfa ce  can a ls a r e  found they are  known a s qan ats, 
p erhaps due to the in flu en ce of A rab s. In N orth A fr ica  they a r e  
known a s fo g g a r a s , w ith m any lo c a l ap p ella tion s (C r e s se y , p. 27). 
Q anats do not e x is t  in the Indus V a lley  today but their p r e se n c e
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in  B a lu ch istan , L a sb e la  b a s in , and other a r e a s  in the im m ed ia te  
p ro x im ity  su g g e s ts  that they m ay have e x is ted  in the a llu v ia l 
fan s w e st  o f the Indus V a lley .
W a ter -lift in g  D e v ic e s  
V ariou s d e v ic e s  have b een  d evelop ed  to l if t  w ater from  
lo w er  e le v a tio n s , a s  from  r iv e r s ,  c a n a ls , la k e s , w e lls ,  and 
other w ater b o d ies . Changing w ater req u irem en ts  have r e su lte d  
in the d evelop m en t of lift in g  d e v ic e s  fro m  s im p le  buckets to
>
shadufs (F ig . 13), s c r e w s , w h e e ls , and o th e rs .
C lay v e s s e l s ,  lea th er  b a g s , and other r e c e p ta c le s  w ere  
f i lle d  fro m  the su r fa ce  w ater b od ies and w ere  c a rr ied  by m an  
to the req u ired  p la c e s . The am ount of w ater thus r a is e d  w as 
su ffic ien t for the sm a ll fa rm s and gardens com m on to e a r ly  
fa r m e r s . Such r e c e p ta c le s  have b een  u sed  s in c e  e a r ly  t im es  at 
m any p la c e s  and in the Indus d e lta  a r e  now the p r im a ry  container  
u sed  to r a is e  and c a r r y  w ater for drinking and other d o m estic  
p u rp o ses (F ig . 9; and F ig . 10).
W ell u tiliza tio n  led  to the u se  of lea th er  and c la y  r e c e p ta ­
c le s  tied  to a rope w hich in c r e a se d  the len gth  of the l if t . The 
r e c e p ta c le  is  dropped into the w e ll, f i lle d  with w a ter , and 
then pulled  v e r t ic a lly  to the su r fa c e . A plank la id  over the m outh  
of the w e ll enab les the draw er to m ake a m ore  v e r t ic a l  pu ll 
from  the w e ll. B e c a u se  the v e r t ic a l  pull is  hard labor and
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F ig . 9 -
L eather bag u sed  to ca rry  w ater at Tatta
N ote the sm a ll lea th er  bags on top w hich are  
u sed  to r a is e  w ater from  the w e lls .
F ig . 10
Clay pots used  to ca rry  w ater at Tatta
N ote the bucket hanging behind the donkey used  to r a is e  
w ater. A n im al-p u lled  ca rts  are  used  when w ater is  to 
be ca rr ied  for long d is ta n c e s .
fu rn ish es only an in term itten t flow of w ater, the use of a pulley  
for liftin g  the water was developed . The rope p a sse s  over the 
pulley placed above the w ell and the recep ta c le  is  drawn by a 
man. Im provem ents resu lted  in the invention of a ram p -w ell 
based on the sam e p rin c ip le . A large  leath er bag is  tied to a 
rope which p a sse s  over a pu lley , but instead of a man drawing  
the r e c e p ta c le s , two bullocks are  used (F ig . 11; and F ig . 12) to 
l if t  them by going into the ram p p it. T his sy stem  is  used at 
p la ces  w here the w ater-tab le  is  low and is  a lso  used to l if t  the 
water from  the m a rsh es in G ujerat (N ew house, et. a l, p. 51).
Im provem ents and m odifications of the orig in a l concept 
have resu lted  in the developm ent of se v er a l other types'of 
w a ter-liftin g  d e v ice s . One im portant type, the sh ad u f, c o n sists  
of a pole cou n ter-p o ised  on a fixed support which is  designed  
to allow  a v er tica l sw eep . A rope with a recep ta c le  attached is  
fastened  to the longer end of the pole . The operator r a is e s  the 
shorter end, which is fitted with a counterw eight, low erin g  the 
recep ta c le  into the w ater. By leaning on the counterw eight the 
f illed  recep ta c le  is  ra ised  and the water is  em ptied into the 
pool (F ig . 13) that feed s the d itches running into the f ie ld s . The 
tim e and p lace of the orig in a l shaduf are not known, but e a r lie s t  
evidence dates to the third m illen ium  B . C . ,  where it  appears  
enscrib ed  on a cylinder sea l of the Akkadian period (c. 2 4 0 0 -2 2 0 0
F ig . 11
A ra m p -w ell
Note the bu llocks going into the ram p  
pit which r a is e s  the water through a 
rope and pu lley sy stem , as shown in 
F ig . 12.
F ig . 12
W ater-bag of the ra m p -w ell
Note rop e , pu lley , and w a ter-filled  leather  
r e c e p ta c le s .
F ig . 13 
The shaduf
The shaduf u se s  the p r in c ip le  of a 
counterw eight and sw eep  to l if t  w ater  
from  w e lls , r iv e r s ,  and ca n a ls .
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B . C . )  in M esopotam ia. In Egypt it is  se en  in variou s fo rm s on 
an cien t Egyptian tomb paintings from  about 580 B . C . ,  (D row er, 
V. I, p. 524). Shadufs are  not used  in the Indus V a lley  and there  
is  no evidence that they have ever  been  u sed  th ere . M ackay 
(1932, p . 441), h ow ever, has su ggested  that shadufs m ay have  
been  used by the Indus V a lley  c iv iliz a tio n  to f i l l  the public baths 
with w ater, though there is  no in d ication , d ir e c t  or o th erw ise , 
for such a presum p tion .
Shadufs proved only an in term itten t stage in liftin g  d e v ic e s ,  
to be su cceed ed  by the developm ent of ro ta ry  m ech an ism s lik e  
the A rch im ed es sc re w  and w ater w h eels  which provide a continu­
ous w ater flow . R otary d e v ice s  for liftin g  w ater from  r iv e r s  and 
can a ls w ere  developed  in H ellen ic  t im e s . A rch im ed es of 
Syracu se  (c_. 287-212 B . C . )  invented the w ater sc re w  for liftin g  
irr ig a tio n  water (G ille , V. II, p. 633). A rch im ed es sc re w s  
w ere introduced into Egypt sh ortly  a fter  their invention and 
w ere ob served  in operation  in  the N ile  d elta  during the f ir s t  
century B. C. by D iodorus. The w ater sc re w  is  s t i l l  com m on in 
cer ta in  p arts of upper Egypt and other p la c es  in the Arab world  
for sm a ll l if ts  (F ig . 14). The A rch im ed es screw  was introduced  
into M orocco during Byzantine tim es and from  there spread  to 
w estern  Europe (F o rb es , V. II, p. 677). It is  not p resen tly  used  in 
W est P ak istan , nor there is  ev id en ce that it had ever  been  used  in
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F ig . 14
A rch im ed es S crew
The A rch im ed es screw  is  used  to l if t  
water from  the canal to an irr ig a tio n  
ditch at a h igher e leva tion .
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past.
The next im portant stage in the h is to ry  of w ater liftin g  
was the evolution  of the w ater w h eel. The energy  of running  
w ater w as h a rn essed  to m ove the w ater w heel and l if t  the 
w ater. G reeks and R om ans used  this technique, em ploying  
ro tary  m otion at p la c es  w here w ater had to be r a ise d  from  great 
depths, a s w as the c a se  in m ines (G ille , V. II, p. 637). T his  
p rin c ip le  gave r is e  to the con stru ction  of w h ee ls for r a is in g  
w ater by u tiliz in g  r iv e r  cu rren ts  to turn the w h ee ls . The 
w h ee ls , p laced  v e r t ic a lly  in the w ater, a r e  turned by the current  
and attached r e c e p ta c le s  f i l l  and em pty a s the w heel r e v o lv e s .
W ater w h eels are  often  m entioned in c la s s ic a l  L atin l it e r a ­
ture and one of the e a r l ie s t  draw ings is  on a m osa ic  from  A bam ea, 
T urkey, dating from  the second  century B . C .  (F ig . 15). F ro m  
this ea r ly  period  they w ere  spread w idely  by R om an s, extending  
into North A fr ica  and E urope. In Europe th ese w h ee ls  w ere  
w idely  used  and probably w ere the b e s t  known m ethod for ra is in g  
w ater from  r iv e r s .  W orlidge in 1675 (pp. 18-19) d e sc r ib e s  them  
in som e detail:
"The m o st con sid erab le  and u n iv ersa l is  the P e r s ia n  
w heel /w a ter  w hee!7 , m uch used  in P e r s ia  from  
whence it hath its  nam e, w here they say  there are  
two or three hundered in a r iv e r , w hereby their  
grounds are  im proved  ex tra o rd in a r ily . They are  
a lso  m uch used  in Spain, Italy, and F ra n ce , and is  
e steem ed  the m o st fa c ile  and advantageous way of
F ig . 15 
W ater w heel
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r a is in g  w ater in g rea t quantity to any altitude within  
the d iam eter of the w h eel, w here there is  any cu rren t  
of w ater to continue its  m otion; which a sm a ll strea m  
w ill do, co n sid er in g  the quantity and height of the 
w ater you intend to r a is e .  T his w ay, if  in gen iou sly  
p rosecu ted , would prove a co n sid era b le  im provem ent; 
for there is  v e r y  m uch land in  m any p la c es  ly in g  
near the r iv e r  that is  of sm a ll w orth, which if i t  w ere  
w atered by so  constan t a strea m  as th is w heel w ill 
y ie ld , would bear a burthen of hay, w here now it 
hardly bear corn . "
The next stage  of im p rovem en t was the invention of the 
a n im al-p ow ered  w ater w h eel, n o r ia . The w ater w heel when 
turned by an im als could be used  at p la c es  w here cu rren ts w ere  
not p r e sen t, such  a s in w e lls  or quiet w ater b o d ies . T here is  no 
sin g le  opinion as to w here and when the n oria  w as invented. 
B road ly , there are  four p la c es  of p o ss ib le  origin: P e r s ia , India, 
C hina, and A rabia (C a ro -B a ro ja , 1955, pp. 16-17), but the v iew  
m o st favored  is  that the an im al-p ow ered  n oria  was invented by 
the A rabs at the tim e of Is lam ic  r en a issa n c e  (C aro -B aro ja , 1954, 
p. 51). The fa ct that there is  no defin ite  ev id en ce  of an an im a l-  
pow ered n oria  b efore  the Is la m ic  period  fa v o rs the v iew  of A rabic  
invention . The an im al-p ow ered  n oria  is  m entioned perhaps for  
the f ir s t  tim e by an A rabic w r iter , Ahmad ibn a l-T a y y ib , in 884-  
85 A . D. (C a ro -B a ro ja , 1955, p . 22), and is  indicated  to have been  
an im portant technique of irr ig a tio n  in  the Arab w orld.
Arab M uslim s introduced the an im al pow ered n oria  to d ifferen t  
p arts  of the w orld during their expansion in the seventh  and eighth
cen tu ries (Ronna, V. I. p. 558), and it  has rem ained a s the m ajor  
method for water lifting  until the p resen t tim e (F ig . 16).
N ineteenth-century advancem ent in technology developed  
techniques lik e  water pumps based on centrifugal and rec ip ro c a t­
ing p rin cip les and tube w e lls . T hese water pumps w ere introduced  
into the Indus delta after 1951, but their u se  is  p resen tly  r e str ic te d  
to supply drinking water (F ig . 17).
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F ig . 16 
N oria
A n oria  r a is in g  w ater from  the r iv er  
into a h igher irr ig a tio n  ditch .
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F ig . 17
W ater pump in the Indus delta
Note the in te r e s t  of the v illa g e r s  in the new  
technique of obtaining w ater.
Photo: U. S. D epartm ent of 
A gricu ltu re .
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Sum m ary o f Irr iga tion  D evelop m en t in the Indus V a lley
B a s in  irr ig a tio n  w as the m ain form  of ir r ig a tio n  in  the 
Indus V a lley  b e fo re  the A rab s invaded the a rea  in 712 A . D . In 
the l ite r a tu r e , M aurya and Gupta k ings a re  g iven  c r e d it  for 
d evelop in g  ir r ig a tio n  in a ll  c o r n e r s  o f their em p ire  (H art, p . 19), 
but app arently  nothing new  w a s added to b a s in - ir r ig a t io n  
tech n iq u es. The n o r ia  w ith an im al traction  w as in troduced  into  
the Indus V a lley  in the seven th  cen tu ry  A . D. , and im proved  the 
e ffe c t iv e n e s s  of ir r ig a tio n . With th is techn iqu e, w ater fro m  the 
Indus R iv e r , c a n a ls , and w e lls  could be lifted  from  g rea ter  
depths to m ain ta in  a m ore  continuous flow . When the w ater le v e l  
i s  low  in  r iv e r  and c a n a ls , a cut is  m ade through the bank and 
the n or ia  is  p laced  in it . When the w ater table is  low  in  w e l ls ,  
p ots are  fa sten ed  on a lo o s e  rop e  that r e v o lv e s  w ith  the w h eel 
and w ater is  lifte d  from  a m axim um  depth of tw en ty -fiv e  fe e t .
C anals w ere  d evelop ed  v e ry  la te  in both the Indus V a lley  and 
the In d o-P ak istan  su bcontinent. In the su bcontinent the f ir s t  canal 
of w hich a sa t is fa c to r y  rec o rd  e x is t s  w as dug in  1351 A . D. ,
(M o ser , p. 146; Sm ith , V. I, p. 306). T h is canal led  from  the r iv e r  
Jum na near the town of D e lh i, p r im a r ily  to ir r ig a te  the hunting  
grounds of the E m p eror  F iro u z  Tughluk, and se co n d a r ily  for ir r ig a t ­
ing cu ltivab le  a r e a s  (H art, p. 18). Im p rovem en ts w ere  m ade on it
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during the r eg im e  of King A kbar, a s appears from  a d ecree  
quoted by Sm ith (V. I, p. 307). The d ecree  dates to 1568 A . D . , 
and is  a s  fo llow s :
"The bed {of canal) has b ecom e so  f illed  that it  is  
sc a r c e ly  d isce rn ib le  in  consequ en ce of which  
sta te  of a ffa ir s , the E m peror d e c la r e s  that h is  
ord ers had gone forth during the p rev io u s.y ea r  
(A. H. 977 or 1587 A . D .)  that the w ater of the 
r iv e r s  and str ea m s at the foot of h il ls  at 
K hirzabad, which are  c o llec ted  in  the Som be 
r iv e r , and flow  into Jam una, be brought by a 
canal deep and wide by the help  of dam s & c. 
into the Chetang which is  d istan t from  that 
p lace  about 130 m ile s ,  and that canal be ex ca v a t­
ed deeper and w ider than fo rm e r ly , so that 
a ll the w ater m ay be ava ilab le  at the above 
m entioned c it ie s .  "
Canal d igging in the Indus V a lley  began in the eighteenth  
century. C anals w ere  dug obliquely  a long both s id e s  of the 
Indus R iver  (Chablani, p. 24) to take advantage of the slop e  of 
the terra in  from  the h igher natural le v e e s  to the low er flanks 
of the r iv e r .
Irrigation  w as in a decadent sta te  when the B r it ish  took 
over the Indus V a lley  in  1843, but l it t le  im p rovem en t w as made 
until 1932 when p eren n ia l can als and a barrage w ere con stru cted . 
The function of the b arrage  is  to r a is e  the le v e l  of the r iv e r  
during dry p er iod s so  that the water can be d iverted  into the can a ls. 
It is  a broad p la tform  of co n cre te  extending a c r o s s  the r iv e r , with 
its  upper su rface  at app roxim ately  bank le v e l.  On the p latform  is
erected  a heavy m ason ry  bridge with arched openings se v e r a l  
yards wide betw een so lid  p ie r s . The openings can be c lo sed  by  
iron  s lu ic e  gates which s lid e  up and down in  g ro o v es , and are  
r a ise d  or low ered  by a tra v e llin g  crane to keep the r iv e r  w ater' 
up stream  a t the req u ired  le v e l  to d isch arge  into the ca n a ls . T his 
sy stem  p rov id es com plete control of the flow  of w ater in the 
ca n a ls .
P eren n ia l canals w ere not develop ed  by the B r it ish  in the 
d elta ic  a rea . B r it ish  contro l of the subcontinent ended in the 
year 1947, and s in ce  1950 attem pts have been  made by the 
governm ent of P ak istan  to introduce p eren n ia l can als in the 
delta ic  a rea .
V. IRRIGATION P R A C T IC E S IN THE INDUS D E L T A
P r e se n t  ir r ig a tio n  p r a c tic e s  in  the Indus d elta  a r e  m uch the 
sam e a s those that e x is te d  during the e a r ly  part of the eighth  
cen tu ry  A . D. R ecen t d evelop m en ts have tended to red u ce  the 
im portance of b a s in  ir r ig a tio n , and in c r e a se  the im portance of 
canal and w e ll ir r ig a tio n .
F o lk  ter m s c la s s i fy  the p rev a len t ir r ig a tio n  p r a c tic e s  in 
the Indus d e lta  a s  m oki ( <J>* ), chahi ( urV? ), and charkhi ( ).
The term  m oki is  u sed  for b a s in  or canal ir r ig a tio n , w h erea s  
chahi d e s ig n a te s  w e ll ir r ig a tio n  in  which w ater is  lifted  by man  
u sin g  a rope and r e c e p ta c le , and charkhi is  u sed  to id en tify  the 
sy s te m  of irr ig a tio n  from  w e lls  w h ere a nar (n o r ia ) is  in s ta lle d . 
The term s chahi and charkhi are  d erived  from  the P e r s ia n  w ord s, 
chah and charkh , m eaning a w e ll and a p u lley , r e sp e c t iv e ly .
The addition  of 1 i 1 m eans, e ith er  'from ' or 'o ff and is  ap p rop ri­
a te ly  u sed  for w ater obtained from  the w e lls  or with nar s .
T h ese  w ords appear to have b een  adopted during the Mughul 
ru le  in the Indus V a lley  a fter  1500 A. D . P e r s ia n  was the 
m other tongue of the M ughuls and w as w id ely  adopted during  
their r e g im e , w hich exp la in s the w id esp read  u se  of P e r s ia n  n a m e s.  
B a sin  and Canal (Moki) Irr iga tion
B a sin  ir r ig a tio n  w as w id ely  p ra c ticed  in the p a st in the Indus 
V a lley  but its  a r e a  has b eco m e  far l e s s  e x te n s iv e  s in ce  the
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con stru ction  of continuous a r tif ic ia l le v e e s ,  known lo c a lly  as 
bunds, on both s id e s  of the r iv er  (Map 9 C). The le v e e s ,  which  
w ere constructed  by the B r it ish  around 1900 (Sind, 1899-1900, p. 40), 
are fifteen  to tvt'enty fe e t  high. P r io r  to 1900, a r tif ic ia l le v e e s  
ex is ted  only at som e p la c e s , perhaps to p ro tect the se ttlem en ts  
and other im portant a r e a s . T h is p ra ctice  ex isted  during Indus 
V alley  c iv iliz a tio n  tim e and app ears to have continued unchanged  
until B r it ish  m od ifica tion . B a sin  irr ig a tio n  is  now r e s tr ic te d
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to the area  betw een  the two a r tif ic ia l le v e e s  (Map 9 C) and is 
u tilized  for grow ing r e se r v e d  fo r e s ts  of A cacia  arab ica  tr e e s . 
T h ese  fo r e s ts  are  owned by the s ta te , and are  la r g e ly  used  
for providing wood for fu el.
Canal irr ig a tio n  is  w idely  u tilized  at p resen t. When the 
f ie ld s  are  r e la t iv e ly  low  in e leva tion  and the can als are  fu ll, 
w ater flow s by grav ity  from  the d istr ib u tary  can a ls onto the 
f ie ld s . When the fie ld s  are  r e la t iv e ly  higher in e leva tion  than 
the ca n a ls , the nar is  in sta lled  to r a is e  the w ater into the 
f ie ld s , in the lo c a l language, Sindhi, this sy stem  of irr ig a tio n  
is  known as m ok i-m ad ad -ch ark h i . N orm ally  the canals are  fu ll 
by June (F ig . 18) and the w ater flow s naturally  into d istr ib u tary  
can a ls (F ig . 19) until A ugust, when the w ater le v e l  b eg ins to 
drop. When the w ater le v e l  drops one or two fe e t , a l if t  is  
n e c e s s a r y  to r a is e  the w ater to the su rface  and n ars are  p laced
1900
M odified from Irrigation Report, 1889-1900.
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F ig . 18
K alri canal (Map 9)
The lev e l of water ind icates that the 
canal is  about fu ll. Note ero sio n  of 
the banks.
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F ig . 19
D istr ib u tary  canal
Note the irregu lar  pattern of dredging the 
distribu tary  canal and depletion  of its  
banks. The landow ners are  resp on sib le  
for their m aintenance, so it  is  not 
uniform ly dredged.
99
in cu ts through the canal banks (F ig . 20). N o rm a lly  two n ars  
are  in s ta lled  in the sa m e  lo ca tio n  to in c r e a se  the w ater supply.
In the Indus d elta  n a rs a r e  the m ain  d ev ice  for lif t in g  w ater  
and they are  operated  by an im al traction  only . The can a ls  
b ecom e co m p lete ly  dry by N ovem ber and irr ig a tio n  a c t iv it ie s  
stop (F ig . 21).
The m ain ca n a ls  in  the d e lta ic  a r e a  are  abandoned d istr ib u ta ry  
ch an n els of the Indus R iv e r . A fter each  flood se a so n , it  is  
n e c e s s a r y  to dredge the channels to m ain ta in  an adequate w ater  
supply for the n ext y e a r . B e fo re  the B r it ish  p er iod  th ese  c a n a ls , 
known a s inundation c a n a ls , w ere  m ain ta ined  by the individual 
lan d ow n ers. The s ta te  a llow ed  som e r e m is s io n  of taxes for  
m aintenance w ork done and th is p r a c tic e  s t i l l  continu es in the 
c a se  of d istr ib u tary  can a ls (L am b rick , p. 18). The p r a c tic e  Of 
c le a r in g  and m ain ta in in g  the ca n a ls  by ind ividual lan d ow n ers  
is  v e r y  old and perh ap s d ates back  to the A ry a n s. A ryans la id  
the foundation of fa m ily  ow n ersh ip  in the Indus V a lley  and s in ce  
there w as no cen tr a liz ed  au th ority , can a ls  m ust have b een  c le a re d  
and m aintained  by the v i l la g e r s .  Canal m aintenance d iffered  
g rea tly  from  one a r e a  to another and in tim e a g en era l d e te r io r a ­
tion  of ca n a ls  r e su lte d .
When the B r it ish  took over the Indus V a lley  in 1843 A. D . , 
can a ls  w ere  in  poor condition . A  canal d epartm en t w as organ ized
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F ig . 20
Two n ars p laced  on the bank of 
the canal
Note the dry condition  of can a ls in  w in ter.
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F ig . 21
B aghar canal (Map 9) in  N ovem ber
N ote the w e ll dug on the bed o£ the canal to l i f t  w ater  
fo r -m a n  and c a ttle .
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to im prove and m aintain the ex is tin g  canals in  1844. T his departm ent 
provided  reg u la to rs to control the water flow , and em bankm ents 
in the m ain can a ls. M asonry reg u la to rs w ere con stru cted  w here  
a d istr ibu tary  canal joined the m ain canal (F ig . 22). In the south  
d elta , p a rticu la r ly  during w in ter, in tru sion  o f  sa lin e  ocean  w ater  
into the can a ls w as a ser io u s p rob lem . D uring the w inter se a so n s ,  
canals w ere dry and se a  w ater invaded the can als which caused  
land d eter iora tion  a s  far a s  thirty m ile s  inland. To overcom e  
this d ifficu lty , the B r it ish  introduced reg u la to rs with s lu ic e  
gates at the term in al end of the can als w hich prevented  ocean  
w ater from  penetrating into them  (F ig . 23). In 1900, an irr ig a tio n  
com m ission^ was form ed  to study and m ake im p rovem en ts on 
the ex is tin g  irr ig a tio n  sy s te m . The m ap published with the 
Annual R evenue R eport for the year 1899-1900 show s a num ber of 
oblique canals dug from  the r iv er  and its  d is tr ib u ta r ie s  (Map 9 A). 
Many canals w ere sm a ll and c lo se  to one another, lik e  N a s ir ,
T igazo , Dangrozo, R a i, and other ca n a ls . The c lo se  a lignm ent  
of ca n a ls .led  to con sid erab le  d ifficu lty  in m aintenance. The 
in e ffic ien t sy s tem  w as further weakened by p erso n a l d ifferen ces  
am ong landow ners (Burton, p. 41). The B r it ish  c lo sed  so m e ca n a ls , 
a s indicated on the map published in 1935 (Map 9 B ), w hose so u rces  
w ere threatened by changes in the r iv e r  c o u r se . Instead of
India Irrigation  C o m m issio n , London, 1903.
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F ig . 22 
M asonry regu la tor
Note the d istr ib u tary  canal on the le ft  
sid e  of the p ictu re .
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i  r;
F ig . 23 
R egulator
R egulator at the term in a l end of Baghar  
canal. The iron  gates betw een  the p illa r s  
are  c lo sed  in w inter.
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m aintain ing these sm a ll can a ls they m aintained and im proved  
m ain can als which w ere form er  d istr ib u ta r ies  of the Indus, lik e  
the K a lr i, B aghar, and P in y a r i. The c lo s in g  of sm a ll canals  
w as n e c e s s a r y  after the constru ction  of continuous a r tif ic ia l  
le v e e s  along the r iv e r  to m in im ize  the p rob lem s caused  by 
'sh ifting r iv e r  chann els,
A further change w as m ade in the canals a fter 1935, consequent 
to the con stru ction  o f a barrage and peren n ia l canals at Sukkur 
to ir r ig a te  7 ,4 0 6 ,0 0 0  a c r e s . P eren n ia l can a ls u tilized  m ost  
of the w ater from  the r iv e r  in  the grow ing se a so n  and the delta  
a rea  w as deprived  of a grea t deal of its  w ater supply. Landow ners 
and cu ltiv a to rs p ro tested  aga in st con stru ction  of such canals  
in the northern  area  but w ere a ssu red  that the fo llow in g  
im p rovem en ts in the can a ls of their area  would be m ade {Sind,
1933, p. 14 quoted by P ith aw alla , 1937, p .43):
"1. Straightening of the old tortuous inundation can als
2. Taking ^D igging/ new branches and d istr ib u ta r ies
3. C ontrolling d raw -o ff equalization  of d istr ib u tion  of 
su p p lies at a h igher le v e l.  "
The p r e sen t pattern  of canals in d icates that the B r it ish  made 
many changes along the above-m en tion ed  lin e s  after 1935. To 
e lim in ate  the num erous canal ou tlets from  the Indus, the P in y a ri  
canal b ecam e a m ajor water outlet and from  it  a canal p a ra lle l  
to the Indus w as excavated  and nam ed the Dhoro B ranch (Map 9 C).
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The D horo branch w as cut through the G ungri and Sattah can a ls  
(Map 9 C) to prov id e  their w ater so u rc e  and to e lim in a te  their  
d ir e c t  con n ection  with the Indus. The abandoning of the heads of 
the G ungri and Sattah ca n a ls  fro m  the r iv e r  m eant that w ater  
could be m ore  e ffe c t iv e ly  con tro lled  from  one p la ce  and that 
the h azard s of r iv er  changes w ould be red u ced . In addition to 
th ese  ch a n g es, the w inding c o u r se s  of the P in y a r i and other can a ls  
w ere stra igh ten ed .
D istr ib u ta ry  can a ls  through w hich w ater w as conducted  to 
the f ie ld s  w ere  dredged  fro m  the m ain  c a n a ls . T h ere  w as no s e t  
p attern  for d igg in g  the d istr ib u ta ry  ca n a ls; they w ere  dug in  
the d ir ec tio n  w here w ater w as n eeded  for ir r ig a tio n  but w ere  
routed  around ind ividual p rop erty  l in e s  (Map 10).
Secondary d istr ib u ta ry  ca n a ls  lo c a lly  known a s k a r ia s  w ere  
dug from  d istr ib u ta ry  can a ls to conduct w ater to d itch es in the 
f ie ld s  (F ig . 24). D igg ing  and m ain tenance of secon d ary  d is tr ib u t­
ary  can a ls  w ere  the r e sp o n s ib ility  of the lan d ow n ers. E ach  
seco n d a ry  d istr ib u ta ry  canal b elonged  to a n ative  c h ie f  and it  w as 
known by h is  nam e. The ow ner did not a llow  o th ers to u se  the 
w ater from  h is canal and any attem pt to do so  ca u sed  v io le n c e  
and d iso r d e r . T h is pattern  w as e sta b lish ed  during the Talpur  
r e g im e  in  the 1750's (L am b rick , p. 18), and has s in c e  r e su lte d  in  
the evo lu tion  of a d is tin c tiv e  la n d sca p e . A num ber of secon d ary
I N D U S  D E L T A
DISTRIBUTARY CANALS
GED Main Canal 




S o u r c e :  A e r i a l  P h o t o s ,  1 9 5 2 - 5 4 .
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F ig . 24
Secondary d istr ib u tary  canal (karia)
A secon d ary  d istr ib u tary  canal jo in s the m ain  
d istr ib u tary  canal w ith the sm a ll fie ld  d itch es .
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d istributary canals are dug c lo se  to one another so  that each man 
has h is  own channel (Map 12). Such alignm ent of secondary  
distributary canals lead s to a trem endous w aste  of w ater , as 
w as noted by the B r it ish  (India, 1901-1903, P t. IV. Q .133), but it 
was not changed b ecau se  of objections from  the cu ltivators who 
in s is ted  on their righ t to have sep arate  channels. The length of 
the channels varied  with the d istan ce of the land from  the 
distribu tary  canals.
The secondary d istr ibu tary  canal jo in s the sm a ll fie ld  d itches  
which conduct w ater onto the f ie ld s . The arran gem en t of the 
sm a ll fie ld  d itches form s a checkerboard fie ld  pattern . The 
sm a ll fie ld  d itches are constructed  by building dual le v e e s  a 
few  inches apart on the su rface  of the fie ld s  (F ig . 25 A and B). 
Through this sy stem  ninety two per cent of the cultivated area  
is irr iga ted , of which ninety per cent is  in r ic e . The area  
irr igated  by the m ain canals is  variab le  and is  su bject to r iv e r -  
stage d ifferen ces . During the early  part of this century, 
irr iga ted  a rea s varied  due to d ifferen ces in the high stage  of the 
r iv e r , but sin ce  1932 the irr iga ted  area  is  d ecrea sin g  in the delta  
b ecau se  of the introduction of perennial canals and construction  of 
b arrages to the north (F ig . 26).
W ell Irrigation
W ells have been  used as a water sou rce  sin ce  ancient t im es .
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F ig , 25 A  
Sm all fie ld  ditch
The d u a l-lev ee  sm a ll fie ld  ditch is  
joined to a secon dary  d istributary  
canal.
'i '-v -r - i
*fcst- *«wf^ r « . J a r a t »  w '^;,ar i«ar^ t:
F ig . 25 B
Secondary d istributary canal
The d u a l-lev ee  sm a ll fie ld  d itches are  joined  
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The u se  of w e lls  im p lies that early  man was aw are of the 
p resen ce  of subterranean w ater and a lso  developed a technique 
to obtain it. Where w e lls  had their beginning is  unknown but 
they probably originated in the footh ills  or dry stream  beds 
where lo o se , unconsolidated m a ter ia ls  accum ulate and water 
penetrates deeply. In these lo c a le s  man probably observed  that 
he could obtain m ore w ater by c learin g  away surface sed im en ts. 
L ater, man en closed  the sp r in gs, which made a m ore perm anent 
water supply availab le (C lark, p. 6). The p ractice  of en closin g  
springs appears to be a b a s ic  step in w ell evolution . D igging  
holes in dry strea m  beds to obtain water is  a w idespread  
p ractice  in  arid areaB and is  a lso  u tilized  in the Indus delta  
(F ig. 27).
W ell digging and techniques of usage perhaps spread from  
the footh ills  or dry stream  beds to flood p la ins with the expansion  
of settled  com m unities and the adoption of seed  agricu lture  
in Southwest A sia . The se lec tio n  of a lik e ly  p lace for w ell digging  
in the p lains m ay have been based  on a var iety  of techniques.
One m entioned by Brom head (p. 145) was to l ie  face downward 
before su n rise  on the ground with one's chin on the earth at the 
spot to be tested . If vapor w as seen  to r is e ,  it was considered  
an appropriate p lace  to dig a w ell. T his method is  record ed  by 
P liny , repeated by V itruvius (f ir st  century B. C. ,)  and by
F ig . 27
A sim p le  w ell
A w ell dug in the dry bed of the canal 
to se cu re  w ater for drinking.
A ssid o ru s in the sixth  century A .D . B e lid o r 's  A rch itectu re  
H ydraulique, dated 1782, m entions that an em pty dry pot was 
inverted  over the ground to se e  if m o istu re  co llec ted  in sid e  
it . If the ground within the inverted  pot b ecam e w et, a w ell w as 
dug (B rom head, ibid. , p. 145). B efore  2 ,0 0 0  B .C . ,  in China 
the d ivin ing rod was used  to find a su itab le  p lace  for w ell 
digging. A m ong the B erb er tr ib es of N orth A fr ica , the M af- 
am an (lite r a lly  one who finds w ater) is  a sp e c ia lis t  in loca tin g  
sp ots for digging w e lls  (Adam , p. 37). He is  supposed to be 
gifted and pretend s to seO lig h t-co lo re d  mud below  the ground 
which b etrays the p r e se n c e  of w ater.
The m ethod of d igging w e lls  w as sim p le  and perhaps s im ila r  
to that now p ra cticed  in A rabia  by B ed ou in s. The B edouins 
ch oose  a lik e ly  spot in a w adi bed , or near any unexpected  
patch of vegeta tion . A hole is  then made with the hoe or d igging  
stick  (D row er, V. I, p. 525) and is  deepened until w ater is  obtained. 
The s id e s  and r im s  of these  h o les  are  protected  with brick  or 
stone if  they are to be r e la t iv e ly  perm anent.
C lark (p. 6), h ow ever, a s s o c ia te s  the or ig in  of w e lls  with  
the developm ent of urban cen ters  in p r e h isto r ic  t im e s . He b e lie v e s  
population growth resu lted  in an in crea sed  den sity  in  prim ary  
se ttled  a r e a s . With the r is e  of urban c en ters  and in crea sed  
population, natural so u rc es  of w ater b ecam e inadequate and
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additional w ater so u r c e s  w ere  n e c e s s a r y . U tiliza tio n  of su b ter ­
ranean  w ater fro m  w e lls  w as a p a r tia l so lu tion  to the p rob lem . 
C lark supports h is  b e lie f  w ith the a r ch a e o lo g ic a l d isc o v e r y  of 
w e lls  in  the Indus V a lley  c iv il iz a t io n , the o ld e s t  y e t  d isc o v e r e d , 
dating back to 3 ,0 0 0  B .C . The form  and co n stru ctio n  of Indus 
V a lley  c iv il iz a t io n  w e lls  (F ig . 4) do not in d ica te  their o r ig in  
but rath er  r e p r e se n t  s ta g e s  o f la ter  d evelop m en t. T h ese  w e lls  
have a c ir cu la r  sh aft ranging in d iam eter  from  two to se v e n  
fe e t  and are  lin ed  w ith s p e c ia lly  form ed  w ed ge-sh ap ed  burned  
b r ic k s . E v id en ce  of add itions to the w ell shaft is  in d icated  by 
d ifferen t kinds of b r ick  w hich w ere  u sed  to r a is e  the top of the 
w e ll.
S im p le  W ell (Chahi) Irr iga tion
Sim ple w e ll (c h a h i) ir r ig a tio n  is  p ra c ticed  in  som e p a rts  
of the Indus d e lta  but is  not an im portant sy s te m  today. W ater  
is  lifted  by a m an u sin g  a rop e and r e c e p ta c le  to su p p lem en t  
w ater req u irem en ts  of sm a ll v eg e ta b le  c r o p s . In the Indus d elta  
the term  chahi is  u sed  for w e ll ir r ig a tio n  u s in g  only m anpow er, 
w h erea s the term  charkhi r e fe r s  to w ater lifte d  from  w e lls  with  
the n a r .
In the Indus d elta  w here su b su r fa ce  w ater is  a v a ila b le  
tem p orary  w e lls  a re  dug with h o es a t lo ca tio n s  con ven ien t to the 
the f ie ld s .  T h ese  sh allow  w e lls  have a d iam eter  of from  two and
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a h a lf to three and a half fe e t  and no lin in g  of ston es or b r ick s is  
n orm ally  used . To obtain w ater the fa rm er  stands on one sid e  
of the w ell and drops a r ec ep ta c le  tied to a rope into the w e ll.
The r ec ep ta c le  is  u su a lly  a bucket m ade of m eta l and the rope  
is  m ade from  the f ib r e s  of a com m on shrub known as khip 
(L aptadenia sp artiu m ). The farm er draw s the w ater and em p ties  
it  into a sm a ll d itch which runs along the fie ld  boundaries into  
the f ie ld s . The sm a ll am ount of water obtained is  u sed  p r im a r ily  
for supplem enting w ater req u irem en ts of v e g e ta b le s .
In com p arative te r m s , w e ll irr ig a tio n  is  secon dary  to canal 
and n a r -w e ll (charkhi) irr ig a tio n  in the Indus d elta . P oten tia l 
w ater supply and s o i l  conditions for w e ll digging are  favorab le , 
but the lo c a l inhabitants have not taken advantage o f it. During  
the sum m er flood se a so n  the w ater table r is e s  to w ithin eight 
fe e t  of the land su rface  and in  the dry se a so n  drops to about twenty 
fee t  below . The su rface  is  R ecen t alluvium  and w e lls  are  e a s ily  
dug but fa rm e rs  do not fu lly  u tiliz e  w e ll irr ig a tio n  (India, 1903,
P t. I, p, 41). R eco rd s in d icate  that the B r it ish  attem pted to develop  
w ell irr ig a tio n  in the Indus d e lta  around 1900 A. D. (India, 1903,
P t. IV, Q. 98), but fa r m e r s  w ere  in d ifferen t to the sy s te m  and it  
has never becom e im portant. D uring the year 1920-21 only th irty -  
s ix  w e lls  for irr ig a tio n  w ere r eco rd ed  (Map 11)-
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delta . F ie ld  work done along the K a lr i canal during the y ea rs  
1955 and 1956 r ev ea led  that fa r m e r s  are  being forced  to adapt to 
w ell irr ig a tio n . T his r e su lts  from  abnorm al population in c r e a se s  
in K arachi w here w ater from  the K alr i canal is  being used  for 
drinking p u rp o ses. The sh ortage of irr ig a tio n  w ater is  forcin g  
the fa rm e rs  to u se  w e lls  for their w ater so u rc e . At the p r e sen t  
tim e the total num ber of w e lls  in  the a rea  is  not known but in the 
P iru  N areja  v illa g e  a lone fifteen  w e lls  w ere ob served  in 1955.
N a r -w e ll (charkhi) Irrigation
The term  n a r -w e ll irr ig a tio n  is  u sed  h ere  to d esign ate  the 
sy stem  in which w ater is  lifted  from  the w e lls  by the u se  of 
an im al-p ow ered  n a r . N a r -w e ll irr ig a tio n  is  an im portant p ra c tic e  
and app ears to have been  so  s in ce  its  in troduction  into the Indus 
delta . T here is  no s in g le  opinion as to when and by whom the nar 
was introduced into the a rea . The old S an sk rit lite ra tu re  m entions  
som e kind of w heel, r a h a t , known in the subcontinent around the 
second century B .C . (A garw ala, p. 69). T his r e fe r e n c e , how ever, 
does not sp ec ify  the nature o f the w heel; n either d oes the etym ology  
of the word r ahat c la r if ie s  the is s u e . Rahat is  derived  from  the 
San sk rit word a r a g h a t , m eaning a w ater w heel (M acdonell, p. 26); 
araghat was changed to arahat and fin a lly  to r a h a t . This sam e  
word m ay have been  u sed  for w h ee ls driven  by r iv e r  cu rren ts .
P ith aw alla  (1937, P t. II, p. 16) b e lie v e s  that a n im a l-tra c tio n
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w ater w h ee ls  w ere  in trodu ced  by the P e r s ia n s , as the nam e  
P e r s ia n  w h eel in d ic a te s . T h is b e lie f  i s  un accep tab le  b e c a u se  the 
nam e P e r s ia n  w h eel ap p ears to be a m isn o m er  and probably  
orig in ated  from  the accou n ts of ea r ly  E uropean tr a v e lle r s .  
P eo p le  who saw  it f ir s t  in  P e r s ia  and then in the In d o-P ak istan  
subcontinent c a lled  it  a P e r s ia n  w h eel, w h ile  those who saw  it  
f i r s t  in the subcontinent and then in  P e r s ia  ca lled  it  an Indian 
w h eel. The confusion  o f ter m s for the nar i s  supported by the 
accou n ts of tr a v e lle r s  p u b lish ed  by the H akluyt S o c ie ty . D uring  
h is  n ine y e a r s  of tra v e l in  E a st  India and P e r s ia  John F ry e r  
ca lled  it  an Indian w h eel (F r y e r , p. 171). H is ed ito r , W illiam  
C rooke, noted that it  i s  m ore  g e n e ra lly  known a s  the P e r s ia n  
w h eel. M ost of the ea r ly  E uropean tr a v e lle r s  en tered  the 
subcontinent of India and P a k ista n  through P e r s ia  and h en ce  it  
cam e to be known as the P e r s ia n  w h eel. The term , P e r s ia n  
w h eel, is  u sed  in the E n g lish  language on ly , h o w ev er . In m o st  
a r e a s  w here th is w ater w heel i s  found it  is  known a s n o r ia ; Spain, 
E gypt, and the Indus V a lley  a re  e x ce p tio n s . In Spain the w h eel 
is  known as n o r ia , azu d a , and a cen a  (G a ro -B a ro ja , pp. 55-56);  
i11 E gypt a s  saq iyeh  (B ru n h es, p . 347) ; and in the Indus V a lley  as  
n a r .
W heels u sin g  an im al pow er w ere  probab ly  introduced  into the 
Indus delta  by the A ra b s , as ind icated  by p h ilo logy  and fo rm . In
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the Indus d e lta , the noria  is  known as nar, which is  derived  
from  the or ig in a l A rabic term  n oria  . The word n oria  is  b ased  
on the A rabic noun, N a, oora , w hich is  i t s e l f  d erived  from  the 
verb  n a’a r , m eaning "gushing out of b lood from  the v e in s . " T his 
word w as adopted for the w h eels s in ce  w ater continually  gushes  
out of the buckets (L au fer, p. 239).
The p resen t form  of nar in  the Indus d elta  conform s to the 
d escr ip tio n  of early  Arab w r ite r s  and stren gth en s the ev id en ce  
that the a n im a l-tra c tio n  type was introduced by the A rab s. Awam  
(V. 1, p. 129), an A rabic w r iter  of the tw elfth  century A .D . , 
m entions the con stru ction  of the n o r ia . A ccord in g  to him  the 
cog  w heel should be w e ll con stru cted  and the ax le  should be 
fa ir ly  long  with the bucket w heel la rg er  and of h eav ier  wood.
The nar of the Indus d elta  is  com p osed  of a  sm a ll cogged  
horizon ta l w h eel, in ter lock ed  with a v e r t ic a l cogged  w heel which  
is  attached  to a la rg e  w heel by a log  shaft (F ig . 28). Water is  
lifted  with buckets tied onto the la rg e r  v e r t ic a l w heel by a rope  
net. The sm a ll cogged w heel is  in terlock ed  with the cogs of the 
h orizon ta l w h eel. A  tongue is  fasten ed  to the h orizon ta l w heel 
(F ig . 28} to w hich a b lindfolded bu llock  is  h itched . The b u llock , 
walking in a c ir c le , turns the cog  w heel and r e v o lv e s  the w a ter - 
lift in g  bucket w heel.
The horizontal w heel (F ig . 29) is  m ade en tire ly  of wood and
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F ig . 28 
N a r -w e ll
B oys are  d em onstrating  the operation  
of the n a r . Note the irr ig a ted  f ie ld s  
in the background.
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F ig . 29
H orizon ta l w h eel of a nar
N ote the v e r t ic a l  cog  w h eel in ter lo ck ed  
w ith h o r izo n ta l w h eel on the le f t  s id e  
of the photo.
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is  con stru cted  a long e s ta b lish ed  p a ttern s. The d iam eter  of the 
w h eel is  about three fe e t , four in ch es?  E ach sid e  is  m ade with  
tw elve s lig h tly  curved  p ie c e s  of carved  wood; each  p ie c e  is  
one foo t, e igh t in ch es lon g . Two s id e s  of the w h eel a r e  then  
jo in ed  by v e r t ic a l  w ooden p o s ts  about one foo t, e ight in ch es  lon g . 
V e rtica l wooden p o s ts  hold the s id e s  of the w h ee l togeth er and 
in ter lo ck  w ith the cog  w h eel. A x le  ends se r v e  as bearin g  
su r fa c e s  w hich p ivo t a t the top and bottom  on anch ored  b e a m s, 
and a tongue fa sten ed  p erm an en tly  to the w h eel s e r v e s  to turn  
it  when p rop e lled  by an an im al.
The v e r t ic a l  co g  w h eel i s  m ade in the sa m e  m anner and 
of the sam e m a ter ia l and d im en sio n s a s the h or izon ta l w h eel.
On one sid e  of the w h ee l, w ooden s t ic k s  extend to form  co g s  
w hich m esh  with the v e r t ic a l  w h eel. A nchored  with sp ok es  
through the cen ter  of the cog w h eel is  a ten - fo o t  lon g , n e a r ly  
h orizon ta l a x le . The other end of the a x le  fo rm s the cen ter  
of the bucket w heel and p ivo ts a g a in st a beam  eigh t fe e t  lon g .
The bucket w h eel is  the la r g e s t  of the th ree  w h ee ls and has 
a d iam eter  of about fiv e  fe e t , e igh t in ch es (F ig . 30). E ach  sid e  
is  m ade of fou rteen  curved  w ooden p ie c e s ;  each  p ie c e  i s  two fee t ,
I
M easu rem en ts appearing in th is se c tio n  a re  a v e ra g e s  
of two nars stu d ied  in the f ie ld  during the y e a r s  1955 
and 1956.
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F ig . 30
B ucket w heel
Note the trough p laced  near the ax le  
below  the buckets.
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eigh t in ch es lon g . The s id es  are  separated  by fou rteen  horizon ta l 
wooden stick s  and are  sp aced  about two fe e t  apart. The horizon ta l 
wooden s tic k s  and the s id es  of the w heel are  attached  to the 
cen tra l ax le  by sp o k es. Two rop es eigh t to nine in ch es apart 
are  geared  to the w heel. Sm all s tic k s  a re  tied h orizon ta lly  in  
the rop es ev ery  s ix  in ch es apart. The rop es are  m ade from  the 
fib r es  of a shrub known lo c a lly  as khip (Laptadenia sp artiu m ).
L . sp artium , w hich is  native to A fr ica  and A rabia  (Jackson , V. II, 
p. 60), w as l ik e ly  introduced into the Indus delta  by the A rab s.
The spacing of the s t ic k s  on the rop e is  c a lled  a dur ( ). In
A rab ic , dur is  used  in the s e n se  of a copious and abundant flow  
(L ane, p. 862) and is  u sed  h ere  in  the sam e s e n s e , s in c e  the 
w ater fa lls  through the open ings. The u se  of khip and the A rabic  
term  connected  with the nar further con firm s the b e lie f  that 
nar w as introduced into the Indus d elta  by the A rab s. C lay pots or 
r e c e p ta c le s  are  tied onto the w heel a t in terv a ls  of f iv e  or s ix  
s t ic k s . Rope len gth s depend on w ater tab les and the depth of the 
w ell; in those studied the rope was thirty yard s long with fifteen  
c lay  pots attached . A s the w heel tu rn s, the v e s s e l s  f i l l  at the 
bottom  of the w e ll and em pty into a trough at the top. The trough 
is  m ade of wood and conducts the w ater into a ditch dug on the 
su rface  near the w e ll, through which the w ater runs to the fie ld s  
for irr ig a tio n .
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The s iz e  of the su rface  ditch v a r ie s  accord ing  to the am ount 
of w ater being lifted  by the w heel but is  u su a lly  about nine  
in ch es broad and s ix  in ch es deep. The nar is  loca ted  c lo s e  to 
the fie ld s  (th irty to forty  feet) to fa c ilita te  irr ig a tio n . The su rface  
ditch which is  about one and a  half fe e t  broad and s ix  to eight 
in ch es deep c a r r ie s  the w ater to sm a ll d itch es w ithin the fie ld .
A cut is  made through the le v e e s  of the sm a ll f ie ld  d itch es  
to d ivert the w ater onto the f ie ld s  for irr ig a tio n . T his sy stem  
co n tro ls  the quantity and flow  of w ater and a llow s the w ater  
to enter the fie ld  without fo r c e , which is  con sid ered  advantageous 
for growing tru ck -cr o p s .
VI. FIELD PATTERNS
The study of fie ld  pattern i s  a r e la t iv e ly  la te  in te r e s t  of 
geograp h ers. One of the ea r ly  m ajor contributions to field  
pattern  stu d ies w as m ade by A ugust M eitzen , p r o fe ss io n a lly  
a non -geograph er who published a fou r-vo lu m e work in  
1895 (M eitzen , 1895). M eitzen  w as fo llow ed by another non­
geograp h er, G ray, who published a book on E n g lish  fie ld  
sy s te m s in 1915 (G ray, 1915). A s the la ter  num erous publications  
in d ica te , geograp hers b ecam e in terested  in such stu d ies only 
after  the 1930s (B loch , 1931; A u frere , 1935; and o th ers). T h ese  
geograp hers brought out var iou s cu ltura l and p h ysica l fa cto rs  
w hich in fluence the fie ld  pattern . A t som e p la ces  the fie ld  
pattern  evolved  as an adjustm ent to the p h ysica l lan d scap e , w hile  
at oth ers trad itions and habits w ere  r e sp o n s ib le  for creatin g  
a certa in  type of pattern . As an exam p le, the fie ld  pattern  in 
Aran Island (an island off the w est co a st of Ireland) evolved  
as a d efin ite  adjustm ent to g eo log ic  stru ctu re  (K lim m , p. 618).
On th is island the elongate fie ld s  are  located  on ter r a c e - lik e  
su r fa c es  betw een a s e r ie s  of p a r a lle l jo in ts in the lim e sto n e .
In England, the landform s in fluence the fie ld  rotation  p r a c tic e s  as 
ind icated  by the two-and th r e e -f ie ld  sy s te m s  of rotation . In the 
d is se c te d  terra in  of the E nglish  plain w here the s o i ls  are  b e tter ,
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the tw o-fie ld  sy stem  is  m ore com m on w h ereas the th r ee -f ie ld  
sy stem  is  the dom inant pattern  in the c lay  v a le s  w ith poorer  
s o i ls  (H ouston, p . 69). In other parts of England, the tradition  
and habits of the people fash ioned  fie ld s  through en clo su re  
con stru ction  such  as build ing fen ces  around individual p roperty .
In a rea s  of voluntary e n c lo su r e , winding la n es  with irr eg u la r  -  
shaped fie ld s  are com m on, w hile in a r e a s  a ffected  by the P a r lia m ­
entary en c lo su re  ac t, regu lar  f ie ld s  w ith broad stra ig h t roads  
with g r a ss  on both s id es  form  the pattern  (H ouston, p. 74).
In the Indus d elta  cu ltural fa c to rs  have been  dom inant in  
shaping the fie ld  pattern . F a c to r s  lik e  irr ig a tio n , a gr icu ltu ra l 
im p lem en ts , t r a ils ,  r o a d s , and fragm entation  of f ie ld s  account 
for the com p lex  pattern  which e x is ts  today. In this context, a 
fie ld  d esign a tes an en c lo sed  p lot of land used  for t illa g e . F ie ld  
pattern  r e fe r s  to the shape, s iz e ,  and a r e a l arran gem en t of the 
f ie ld s .
C onform ing to p a st in flu en ces the p r e sen t f ie ld  p attern s are  
g en era lly  rectan gu lar  or square. Som e fie ld s  a re  ir r eg u la r , 
ranging from  triangular to polygonal sh a p es. The s iz e  of the fie ld  
is  g en era lly  sm a ll, 4 ,0 0 0  square yards on an a v era g e , with a 
wide range betw een  m inim um  and m axim um  s iz e s  of the f ie ld s .
In K akarhala v illa g e , T atta D is tr ic t  (Map 12), the m axim um  s iz e  
of the fie ld  is  about 13 ,000  square y a rd s, and the m inim um  is  only
S o u rc e :  R ev en u e  O ff ice ,  T a t t a .
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about 1, 000 square y a rd s. M ost of the fie ld s  are  bounded on two 
s id es  by irr ig a tio n  d itc h e s , and triangular and polygonal f ie ld s  
are com p arative ly  sm a ller  than rectan gu lar or square f ie ld s .
G en era lly  the f ie ld s  extend along the irr ig a tio n  d itch es and 
are d ivided from  one another by sm a ll dual mud le v e e s ,  lo c a lly  
known a s  h a d d es. In the lo c a l language (Sindhi), hadde m eans 
the boundary or lim it  and in the Indus delta  it  is  ap p rop riately  
u sed . The dual mud le v e e s  a re  narrow ly  sep ara ted , form in g  a 
sm a ll channel or ditch which conducts w ater into the f ie ld s .
The total m o sa ic  fo rm s a check erb oard  pattern . The mud le v e e s  
a lso  se r v e  a s  foot paths for going from  one fie ld  to another.
In addition to the sm a ll d elin eation  by mud dikes th e 'large  fie ld s  
are subdivided in the sam e m anner to fa c ilita te  flood ing for 
r ic e  cu ltivation  (F ig . 31).
K akarhala v illa g e  (Map 12) has 3, 752 a c r e s  of land in its  a r e a ,  
out of which 954 square a c r e s  are  cu ltivated . The rem ain d er is  
eith er uncultivated land or land w here the nu cleated  v illa g e  is  
loca ted . The v illa g e  is  lo ca ted  am id st the f ie ld s  and w as e sta b lish ed  
at the tim e when the fie ld s  w ere  f ir s t  cu ltivated . The se ttlem en t  
pattern s and their r e la tio n  to irr ig a tio n  and fie ld  p attern s w ill be 
d isc u sse d  la ter .
The p r e sen t fie ld  pattern s r e f le c t  three m ajor c h a r a c te r is t ic  
fe a tu r e s , n am ely , g eo m etr ica l sh a p es, sm a ll s iz e s ,  and le v e l
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F ig . 31 
Dual le v e e s  in r ic e  fie ld
The mud d ik es m aintain  adequate w ater  
le v e l  for r ic e  cu ltivation .
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su r fa c e s . T h ese  c h a r a c te r is t ic s  a r e  the r e s u lt  of irr ig a tio n  
p r a c t ic e s ,  paths and r o a d s , types o f a g r icu ltu ra l im p lem e n ts , 
land ten u re, and r ic e  cu ltiva tion .
Irr iga tion
The c lo s e  a sso c ia t io n  b etw een  fie ld  p attern s w ith ir r ig a tio n  
d itch es and can a ls is  show n along the p r im a ry  (m ain) and 
seco n d a ry  d istr ib u ta ry  c a n a ls .
P r im a r y  (Main) D istr ib u ta ry  C anals
The f ie ld s  lo ca ted  a long  the p r im a ry  d is tr ib u ta ry  can a ls a r e  
sm a ll in s iz e ,  m ain ly  rec tan gu lar  and sq u are in  sh ap e, and appear  
to be fra g m en ts o f la r g e r  f ie ld s . A ccord in g  to p r e v a le n t p r a c t ic e s ,  
a f ie ld  owned by a m an is  eq ually  d ivided  am on gst h is  h e ir s ,  which  
r e su lts  in a s  m any d iv is io n s  of one fie ld  a s th ere  a r e  c la im a n ts . 
The con seq u en t e ffe c t  of the h e r ed ita r y  s y s te m  is  the evolu tion  
of sm a ll f ie ld s  w hich is  the c h a r a c te r is t ic  fea tu re  of the p r e se n t  
la n d sca p e .
The o r ig in a l s iz e  of the f ie ld s  in  the a rea  is  d ifficu lt  to 
e s ta b lish  s in c e  e a r ly  govern m en t r e c o r d s  a r e  m iss in g . M aps 
show ing the v illa g e s  and f ie ld s ,  D eh M aps , w ere  m ade by the 
B r it ish  around 1900, in  con nection  w ith ir r ig a tio n  and se tt le m e n t  
su r v e y s , but th ese  m aps h ave  su b seq u en tly  b een  m od ified  . T h e r e ­
fo re  the s iz e  and p attern  of the f ie ld s  even  in  the 1900s, is  
u n reco g n iza b le . P r e se n t ly  f ie ld s  a r e  check ed  a fter  e v er y  fiv e
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y e a r s  or so , and the changes w hich a r is e  during this in terv a l  
are  reco rd ed  on the o r ig in a l m aps w hich o b scu re  the o r ig in a l  
d e ta ils  (F ig . 32 A  and B ). T his is  done to m ain ta in  u p -to -d a te  
govern m en t r e c o r d s  for tax p u rp o se s . A  ca re fu l study of the 
f ie ld  n u m b ers g iv e s  a  rough in d ica tion  of r e la t iv e  age  and 
gen era l plan of the d iv is io n  of f ie ld s .  A s f ie ld s  are  p r o g r e s s iv e ly  
divided the new  p lo ts  a re  ren u m b ered , and s in c e  a  co n secu tiv e  
num bering sy s te m  is  u sed  for the en tire  v i l la g e , the new ly  
develop ed  p lo ts r e c e iv e  h igh er  n u m b ers. F ro m  fie ld  stu d ies  
and co m p a riso n  of m aps it  is  a ssu m ed  that the p lo ts  b earin g  
low  nu m b ers w ere la id  out e a r lie r  and adjacen t f ie ld s  w ith  
high er num bers w ere  m ore r e c e n tly  d iv ided . A s an exam p le , 
the f ie ld s  num bered 751, 591, and 685 (Map 13 D) a r e  lo ca ted  
betw een  the f ie ld s  b ea r in g  num bers 59, 66, and 61 (Map 13 D) 
and r e p r e se n t  a m ore  r e c e n t  su b d iv is ion .
F rom  the low er n u m b ers, it  s e e m s  that the o r ig in a l f ie ld s  
w ere a lig n ed  along the p r im a ry  d is tr ib u ta ry  c a n a ls , and w ere  
co m p a ra tiv e ly  la r g e r  in  s iz e  than the p r e se n t  o n e s . The o r ig in a l 
f ie ld s  fo llow ed  the g en era l d irec tio n  of the can a ls l ik e  the f ie ld s  
num bered 1, 2 , 6, 7, 8 , and o th ers (Map 13 A ), w h ile  the f ie ld s  
lo ca ted  b etw een  p a r a lle l  d is tr ib u ta ry  can a ls w ere  rectan gu lar  or 
triangular in shape a s p lo ts  28, 29 , 30 , 31, and o th ers (Map 13 B ). 
A t som e p la c e s  c lo s e  a lign m en t of d istr ib u ta ry  can a ls c re a te d
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F ig . 32 A
O riginal deh title  map of K akarhala  
v illa g e , show ing the y e a r s  when changes 
w ere m ade on the or ig in a l map.
Note: Y ears 1933, 1942, and 1953
VILLAGE K A K A R H A L A  
T A P P A  t PARISH! K A K A R H A l A -  T A L U K A C C O t w r y ;  TATTA\
D I S T R I C T  TATTA
S c A i t  i  inch = 2-0 S S e n k l i i n  s  6 6 0  F « « r .  
i  G w u N fA  =■ 3 3  x 3 3  FEET
YEAH 1933-1942- 1933
F ig . 32 B
Copy of the or ig in a l deh title  map of 
K akarhala v illa g e .
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irreg u la r -sh a p ed  f ie ld s  lik e  fie ld  num bered 545, 546 (Map 13 C), 
and o th ers .
Secondary D istr ib u tary  Canals 
E m erg en ce  of new fie ld s  consequent to the fragm entation  of 
old fie ld s  re su lted  in the d igging of num erous new secon d ary  
d istr ib u tary  can a ls w hich m odified  the shape of th e 'orig in a l 
f ie ld s . A s d isc u sse d  p r e v io u sly , sh arin g  of w ater from  a 
com m on secon d ary  d istr ib u tary  canal is  r e s is te d  and as new  
la n d h o ld in g s  e m e rg e , m ore irr ig a tio n  d itch es are  dug to 
ir r ig a te  the f ie ld s  belonging  to d ifferen t land ow ners.
The secon d ary  d istr ib u tary  canals a re  sm a ll, ir r eg u la r , 
and are  g en era lly  dug at conven ien t p la c e s , e s se n t ia lly  w ithin  
an individual holding. The digging of many sm a ll canals resu lted  
in  the evolu tion  of num erous sm a ll triangular shaped fie ld s  
such  as fie ld  752 (Map 13 D).
P aths and R oads
B efo re  the evolu tion  of roads w hich took p la ce  after the 
invention  of w heeled  v e h ic le s , paths w ere  the im portant avenues  
of com m unication . Paths as rou tes of cm m unication  are  a sso c ia te d  
w ith se ttled  c o m m u n itie s , e sp e c ia lly  a fter  the adoption of a g r icu ltu re . 
With an a g r icu ltu ra l b a se , the d evelop m en t of a m ore com p lex  
so c ie ty  resu lted  in sp ec ia liza tio n  of s k i l l s ,  d iv is ion  of lab or , 
growth of r e lig io u s  c e n te r s , the e sta b lish m en t of com m u n ities ,
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and the grow th of paths and ro a d s for in ter -co m m u n ica tio n  betw een  
c e n te r s . Judging by the d istr ib u tion  of m a te r ia ls  d isco v e re d  
by a rch a eo lo g y , in ter-co m m u n ica tio n  and trade began in v e r y  
e a r ly  t im e s , and thus the f ir s t  m an -m ad e track s w ere  form ed  
(C o le , V . I, p. 704). In the Indus d e lta  paths a r e  com m on and 
so m e  have b een  develop m en t into ro a d s . The fa r m e r s  s t i l l  
w alk w ith their fa m ilie s  to neigh b orin g  v illa g e s  to trade (F ig . 33), 
The e sta b lish m e n t and im p rovem en t o f paths and road s  
m odified  the shape and s iz e  of adjacen t f ie ld s . With the in trod u c­
tion of w h eeled  v e h ic le s  paths w ere  w idened and they b ecam e  
p erm an en t r o a d s . R oads develop ed  con com itan tly  with the 
in trodu ction  of w h eeled  v e h ic le s  (F ig . 34). Both the so lid  and  
sp o k e -w h ee l c a r ts  w ere  in trodu ced  into the a r e a  during an c ien t  
t im e s . S o lid -w h ee l v e h ic le s  w ere  invented  in the M esopotam ian  
c iv iliz a t io n  a l it t le  b efo re  3, 000 B .C . , and fro m  th ere  d iffused  
to the Indus V a lley  (C hilde, 1957, V. I, p. 716). In the Indus V a lley  
c iv iliz a t io n  num erous c la y  m od els p rove that th ese  c a r ts  w ere  
u sed . The u n d e r -c a rr ia g e  of the ca rt is  a lso  r ep re sen ted  on 
the s e a ls  of the Indus V a lley  c iv iliz a t io n  and w as con stru cted  in  
the sam e m anner a s a r e  the p r e se n t  v illa g e  c a r ts . The a x le  on 
th ese  c a r ts  turns w ith the w h eel (F ig . 35). At the cen ter  and 
bottom  s id e  of each  s id e  b eam  two h o les  are  d r ille d  to hold p r o je c t-  
ing p egs w hich f it  over the a x le . The fram e c o n s is ts  o f two curved
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F ig . 33
D ir t road b etw een  v illa g e s
A  fa rm er  and h is  w ife w alking from  the 
v illa g e  w here they l iv e  to another to 
trade.
F ig . 34
A  d irt ca rt track
A d irt cart track  through f ie ld s .  
Note the f ie ld s  at the head of the 
road beneath the a ca c ia  tr e e s .
F ig . 35 
Solid -w heel cart
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b eam s (F ig . 35) s e t  p a r a lle l and jo ined  by two to s ix  c r o s s  
b a r s . The cart has a tongue that extends under the c r o s s  b ars  
by which it is  p u lled . Two or three h o les  are  bored  on the upper 
sid e  of the two sid e  b eam s to hold upright pegs which contain  
the box. T h ese  c a r ts  are  three and a h a lf to four fe e t  in width 
and a re  pu lled  by two b u llock s.
Spoke w h ee ls a re  f ir s t  r ep resen ted  by painted c la y  m od els
in  M esopotam ia around 2, 000 B .C . ,  and from  there d iffused
to other a r e a s . They are  a rch a eo lo g ic a lly  reco rd ed  in  E gypt
after 1, 600 B . C. , C rete  1, 500 B .C . ,  and China 1, 300 B . C. ,
(C hilde, 1957, V .I , p. 212). The sp o k e-w h ee l ca rt (F ig . 36)
w as introduced into the Indus V a lley  by the A ryans (C hilde,
ibid. ,). C om pared to the so lid -w h e e l c a r ts , th ese  c a r ts  are
b etter  su ited  to sp eed  and m an eu verab ility . The ax le  is  attached
to the u n d e r -c a rr ia g e  and d oes not m ove with the w h ee ls . The 
*
fra m e  c o n s is ts  of a rectan gu lar  box which is  a ttach ed  to the 
ax le .
The w heeled  ca r ts  and the need  for road s have in fluenced  
the shape, s iz e ,  and a r ea l arran gem en t of the f ie ld s  s in ce  their  
u se  in the Indus d elta . M ost roads w ere  e sta b lish ed  in itia lly  
betw een  two se tt le m en ts  for com m unication . Since th ese  road s  
w ere u tilized  by everyon e they b ecam e com m on prop erty . A s the 
a gr icu ltu ra l p u rsu its  in c re a se d  in the v i l la g e s , m ore ava ilab le
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F ig . 36
Spoke -  w h eel farm  c a r t commonly- 
u sed  in the Indus d elta .
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land w as brought under cu ltiva tion , but the road s w ere  m aintained  
in their o r ig in a l fo rm . The f ie ld s  w e re  a lign ed  along the road s  
and w ere  g e n e ra lly  rec tan gu lar  in shape (Map 14).
Som e of th ese  road s w hich e x is ted  betw een  the im portant 
se tt le m e n ts  w ere  w idened and h a rd -su r fa ce d  by the B r it ish  
after  1851. P r io r  to th is tim e no m eta lled  road  e x is te d  in  
the a r ea  (A itken, p. 341). The w idening of the road  further  
m od ified  the adjacen t f ie ld  p a ttern s (Map 14). The f ie ld s  
b eca m e sm a lle r  and d evelop ed  into a narrow  elongated  s tr ip ,  
a shape which is  not com m on in other p arts o f the v illage(M ap  14). 
A g r icu ltu ra l Im plem en ts
A n cien t a g r icu ltu ra l im p lem en ts a r e  s t i l l  in  u se  in  the 
Indus d e lta  and the a sse m b la g e  c o n s is t s  m ain ly  of the h oe , 
s ic k le ,  clod  c r u sh e r , and the ard plow . A ll of th ese  im p lem en ts  
have had a part in  fa sh ion in g  the f ie ld  p attern s of today. The 
s ic k le  a s  a h a r v e stin g  im p lem en t is  an e x p r e ss io n  of sm a ll  
f ie ld s ,  w h ile  the h oe , c lod  c r u sh e r , and ard plow  have a ffected  
the shape of the f ie ld  p a tte rn s . The hoe is  u sed  for m aking  
r id g e s  and fu rrow s in the f ie ld s , w h ile  the c lod  cru sh er  and ard  
plow  have r e su lte d  in  the evo lu tion  of sq u are and rectan gu lar  
f ie ld s .
The hoe is  m ade of an iro n  blade about fou rteen  in ch es long  
and nine in ch es broad (F ig . 37). A  wooden handle is  fitted  on one
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F ig . 37
H oe and a s ic k le
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end o f the blade and the other end is  sh arp en ed  to fa c ilita te  
digging . The hoe is  u sed  p r im a r ily  for m aking cu ts in  the 
check erb oard  ir r ig a tio n  d itc h e s , for w aterin g  the f ie ld s ,  and 
for m aking r id g e s  and fu rrow s to p lant and ir r ig a te  row  crop s  
l ik e  p ep p ers , c a r r o ts , to m a to es , and o th ers (F ig . 38}. The 
r id g e-a n d -fu r ro w  p attern  d isp la y s  a d efin ite  a s s o c ia t io n  with  
the v illa g e  se tt le m e n ts . M ostly  f ie ld s  in the im m ed ia te  v ic in ity  
of the v i l la g e s ,  w here they a r e  e a s i ly  a c c e s s ib le  and p r o p er ly  
p r o tec ted , a r e  put to r o w -c r o p  cu ltu re . The crop s a re  grown  
in  the w inter u tiliz in g  m o istu re  that rem a in s  in the s o i l  fro m  the 
su m m er f lo o d s . If in  so m e  f ie ld s  m ore  w ater is  n eed ed , i t  is  
provided  by d igging tem p orary  s im p le  w e lls  at con ven ien t  
p la c e s  in  or near the f ie ld s .
The s ic k le  h as a cu rved  blade about a foot lon g  w ith a 
se r r a te d  or sharpened  edge and a w ooden handle (F ig . 37). It is  
u sed  for h a r v e stin g  gra in  crop s w hich a re  th resh ed  by tram ping  
of a n im a ls  on a p rep ared  su rfa ce  near the v illa g e . The s ic k le ,  
i s  w e ll-a d a p ted  to sm a ll f ie ld s  operated  by ind iv idu al fa r m e r s .
The clod c r u sh e r , sa n h a r , is  a lo g  of wood about four to 
f iv e  fe e t  lon g  and is  pu lled  by two oxen  (F ig . 39). T h is im p lem en t  
is  u sed  to break  up c lod s and to le v e l  the f ie ld s  a fter  p low ing, 
w hich is  e sp e c ia lly  n eed ed  for r ic e  f ie ld s . The u se  of clod  cru sh er  
w ith the plow has r e su lte d  in le v e l  su rfa ced  f ie ld s  w ith  s tra ig h t
F ig . 38
A  pepper fie ld . R idge and furrow s  
a re  m ade w ith the hoe.
F ig . 39 
Clod cru sh er  (Sanhar)
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s id e s .  The oxen  that pu ll the clod cru sh er  or plow  a re  m anaged
m ore e a s i ly  in  s tr a ig h t-s id e d  f ie ld s .
The v iew  that the plow has brought about the evolu tion  of
rectan gu lar  and sq uare f ie ld s  is  w id ely  a ccep ted  (C urw en,
1953, p. 61; H ouston , p . 54). C urw en has advanced a s im p le
but convincin g  argum en t in  support of th is id ea .
"If you a r e  going to u se  a p low , you w ill be m aking  
fu rrow s; and so  you w ill m ark a stra ig h t rectan gu lar  
a r e a  of so m e  s iz e ,  a llow in g  su ffic ien t len gth  for  
the fu rrow s so  that you  do not w a ste  tim e in turning  
the plow  too freq u en tly . What you m ay co n sid er  the 
m o st su itab le  len gth  for the furrow  w ill depend upon 
the pow er draw ing the plow: a team  of an im al w ill  
n eed  a furrow  of m od erate  len gth  that w ill a llow  
fa ir ly  frequ en t p a u se s  only at the end of a  furrow  
and e tc . . . "
H ouston d isc o v e r e d  w ith the aid of a e r ia l photos that round  
f ie ld s ,  w hich e x is te d  during the N eo lith ic  tim e in sou th ern  
England b efore  the plow  w as in trod u ced , changed to sq u a r e ­
shaped f ie ld s  a fter the in troduction  of the plow  in the B ron ze  
age .
The type u sed  in  the Indus delta  i s  the ard or E gyptian  p low , 
h a r , pu lled  by two oxen  (F ig . 40). The ard plow  is  w e ll adapted  
to the Indus d e lta  as it su its  the c lim a tic  con d ition s. The ard  
only sc r a tc h e s  a groove  in  the so il  su r fa c e , and, th e re fo re , h e lp s  
to c o n se rv e  the m o istu r e  of the so il  (Curw en, 1953, p. 62) in a 
w arm  and dry c lim a te .
The ard probab ly  evo lved  fro m  the d igg ing  s tic k  in  three
- ■./■■■a.*" J u ,
F ig . 40 
A rd plow  pulled  by oxen
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d istin ct s ta g e s . A ccord in g  to B ish op  (pp. 261-263), the digging  
stick  developed into the foo t plow . The next stage  of developm ent  
on the foot plow was the ap p lica tion  of hum an pow er to pull it.
By this m ethod, one individual pushed the im p lem en t, one or m ore  
o th ers pulled  it. T h is p r a c tic e  attained a wide d istr ib u tion  and 
ex isted  in  n ea r ly  ev ery  part of the north tem perate zone of the 
old world (B ishop, ib id .) , The su bstitu tion  of oxen for human power 
m arked the third and final step  in the evolu tion  of the ard . The 
a sso c ia t io n  of oxen and the cow  with the plow appears to be v ery  
old. The oxen w ere regard ed  as gods of fe r t ility  and it  w as perhaps 
the d e s ir e  to e n lis t  the m ag ica l fe r t iliz in g  fo rce  to the so il  which  
led  to their a sso c ia tio n  with the plow and other a gr icu ltu ra l im p le ­
m en ts. Such b e lie fs  w ere  m ore p reva len t in  a r ea s  w here w heat and 
b a r ley  w ere cu ltivated  in antiquity (B ish op , p. 264).
E a r lie s t  ev id en ce of the plow is  from  cy lin d r ica l s e a ls  in 
M esopotam ia abou t.3, 500 B . C. (B ish op , p. 266). It is  not c lear  
when the plow w as introduced into the Indus V a lley , but C hatterji 
(1951, p. 159) b e lie v e s  that the plow w as known to the Indus V a lley  
c iv iliz a tio n . He b ased  h is b e lie f  on the vocab u lary  of the su rv iv in g  
T am il language w hich b e lon gs to the D ravid ian  language group, 
gen era lly  accep ted  to b e  the tongue of the p eo p les  of the Indus V alley  
c iv iliz a tio n . A ccord in g  to h im  the T am il w ords 'e r 1 m eaning plow  
and 'V etan -m ai' m eaning 'a g r icu ltu re * e sta b lish  the connection
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w ith the Indus V a lley  c iv iliz a t io n . K osam bi (p. 67) c a te g o r ic a lly  
d en ies that the plow  w as known to the Indus V a lley  c iv iliz a t io n .
C h a tter ji’s b e l ie f  is  open to q u estion  a s nothing h as b een  
d isc o v e r e d  by a rch a eo lo g y  to in d ica te  the p r e se n c e  of the plow  
in the Indus V a lley  c iv iliz a t io n . The plow  w as p o ss ib ly  introduced  
into the Indus V a lley  by the A ryan sp ea k ers  around 1, 500 B . C. 
(B ish op , p . 276; R ostlu nd , p. 59). A fter  its  in trodu ction  into the 
Indus d e lta , the p low  h as su rv iv ed  w ithout fundam ental changes  
and is  s t i l l  drawn by a pair of oxen  a s i t  w as in  the p a st.
The p low  is  s im p ly  co n stru cted , c o n s is t in g  of a  w ooden p o st  
three to four fe e t  lon g  and nine in ch es  w ide (F ig . 41). The guiding  
le v e r ,  m uthio, is  fa ste n e d  to the upper end and a sharpened  iron  
point about nine in ch es lon g  is  fixed  in  the lo w er  end. The drought 
p o le , about se v e n  fe e t  lon g , is  in ser ted  into the upright p o st above  
the iron  point. The ard has no m oldboard but sc o u r s  the s o i l  to 
a sh a llow  depth of fiv e  to s ix  in c h e s .
The f ie ld  p attern  in  p r e -p lo w  tim e during the Indus V a lley  
c iv iliz a t io n  is  not known, but on analogy is  p resu m ed  to be ir r e g u la r .  
The in trodu ction  of the ard plow  into the Indus V a lley  a fter  1 ,500  
B. C. changed the irr eg u la r  f ie ld s  to the g e o m e tr ic a lly  shaped  
f ie ld s  which e x is t  today.
Land T enure
In term s of land ow n ersh ip  and in h er ita n ce  p o lic y , v a r io u s
F ig .  41
B oard  and draught p o le  of ard
N ote the m ethod of co n stru ctio n , the guid 
ing m u th io , and iron  poin t and tongue.
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lan d -m an  re la tio n sh ip s have evolved  during the la s t  6 ,0 0 0  y e a r s  
of agr icu ltu ra l developm ent in the Indus V a lley . The lan d -ten u re  
sy s te m  as p racticed  in the Indus V a lley  c iv iliz a tio n  is not known 
d efin ite ly , but accord in g  to H ew itt (pp. 6 3 0 -6 3 8 ), there was no 
individual p rop rietorsh ip  in the ea r ly  tim es and produce belonged  
to the com m unity. F ro m  the stu d ies of the su rv iv in g  D ravidian  
tr ib es B a d en -P o w ell (p. 160) conclu des that no individual p ro p r ie to r ­
ship of land ex isted  in the ea r ly  days. A s populations in crea sed  
v illa g e s  began to grow in  s iz e  and som e develop ed  into urban  
cen ters; M oheiyo Daro and H arrappa are  exam p les of the la rg er  
c it ie s .
The A ryans introduced the con cep t of dividing the com m unity  
into fam ily  ow nersh ip  (H ewitt, p. 638) from  w hence evo lved  
individual ow nership . Land held  and tilled  by a fam ily  w as fa m ily  
prop erty  and could  be inh erited  and so ld . L a ter , when the state  
assu m ed  control of the land, individual ow nersh ip  w as rep laced  
by the v illa g e  tenancy sy s te m . Under v illa g e  tenancy, the  
individual w as allow ed to keep h is  form er land so long as he paid  
the req u ired  taxes and kept the land under cu ltivation . If he fa iled  
in h is  sta te  ob ligation , the land could be taken from  h im . A s  
long as the individual sa tis f ie d  the v illa g e  tenancy req u irem en t, 
the land could be so ld  or d ivided  a s w as done b efore  the v illa g e  
tenancy sy s te m  w as e sta b lish ed . T his sy s tem  grea tly  im proved
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during the M auryan tim e when uncultivated land w as g iven  to 
fa rm e rs  w illin g  to cu ltivate  it (B hargava, pp. 9-10). The 
paym ent of taxes by the tenants w as about one six th  of the h arvested  
crop which was reco g n ized  as the k in g’s sh are . P r a c tic a lly  
the sam e conditions p reva iled  through the Hindu period  when a 
p ortion  of each h a r v e st  w as paid to the king (B hargava, p. 15).
The A rabs did not introduce d ra stic  changes in the tenure  
sy s te m . M uslim  land law  d ifferentiated  betw een  M uslim  and 
n on -M u slim  su b jec ts , and lev ied  additional tax on n o n -M u slim s.
No Arab w as a llow ed  to own any p rop erty  or engage in cu ltiv a ­
tion in  the conquered lands (Von K rem er , p. 87), and h ence land  
tenure continued to be the sam e as ex isted  prior  to the Arab  
p eriod .
Few  la n d -ten u re  changes w ere  m ade during the grea ter  part 
of the Mughul ru le  and the v illa g e  tenancy pattern continued  
until the m iddle of the e ighteenth  century when land su rv ey s  
w ere m ade on the b a s is  of land types and cu ltivated  a rea s  
(M oreland and A li, p. 20). Four kinds of land hold ings w ere  
recogn ized  : land under cu ltivation  (p olaj); fa llow  land (parauti) ; 
land uncultivated for three or four y e a r s  (cach ar); and land  
uncultivated  for five  y e a r s  or m ore (b an jar). On in ferior  land that 
could not support crop s each  year (parauti, ca ch a r , and banjar) 
l e s s  tax w as exacted  for ow nersh ip . A fter the land su rvey  new
tax ing  p o lic ie s  o f the M ughuls r e su lted  in the e sta b lish m e n t of 
the o ffice  o f tax c o lle c to r  or zam indar. The term  zam indar is  
adopted fro m  the P e r s ia n  language and is  a com pound of two w o rd s, 
zam in  and dar. Z am in m ean s lan d , and dar is  u sed  to in d ica te  
the land holder. The tax c o lle c to r  w as rem u n erated  with a p e r ­
cen tage of the c o lle c t io n  or by an a llo tm en t of r e n t- fr e e  land.
D uring the e a r ly  sta g e  of d evelop m en t the zam indar w as an o ffice  
rath er than an ind iv idu al w ith p ro p r ie to ry  r ig h t to the land . The 
o ffice  g en era lly  develop ed  along h ered ita ry  l in e s ,  though fo rm a l  
sa n ctio n s of. the king w ere  req u ired  in  e v er y  c a se . T h is m arked  
the beginning of zam indar p ro p r ie to rsh ip  and evolu tion  of in h e r i-  
ten ce la w s w hich s t i l l  su r v iv e . Z am indar p ro p r ie to rsh ip  rep la ced  
the v illa g e  tenancy s y s te m  over m o st of the Indus d e lta . V illa g e  
tenancy rem ain ed  the tenure sy s te m  in a r e a s  not owned by  
zam in d ars and th ese  dual sy s te m s  have continued until the p r e se n t.
When the B r it ish  a r r iv e d  in 1843 the Mughul land su rv e y  
r e c o r d s  w ere  no lo n g er  in  e x is te n c e  (A itken, p. 403), but p r a c tic e s  
of the dual tenure s y s te m  w ere  continued , and in addition  a P e r m a ­
nent Su rvey  se tt le m e n t a c t w as adopted in  1863 for tax p u rp o se s . 
Under th is ac t the zam in d ars w ere  d ec la red  fu ll p r o p r ie to r s  of the 
a r e a s  over which their c la im s extended . The four e x is t in g  d iv is io n s  
of land w ere  r e c o g n ize d  by the B r it ish  but their  c la s s if ic a t io n  w as 
changed fro m  the Mughul b a se  to one b a sed  upon irr ig a tio n  f a c i l i t ie s .
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The c la s s if ic a t io n  w as flow  (m ok i), l i f t  (charkh i) , and flood  
(s a i la b i ). The land w hich did not fa ll  under any of the above three  
c a te g o r ie s  w as c la s s if ie d  a cco rd in g  to su ff ic ien cy  and con stan cy  
of w ater flow , and the e x p e n se s  in cu rred  in  supplying w ater by
1
l i f t  to the f ie ld s ,  as w ell a s the cer ta in ty  and duration  o f w ater.
The B r it ish  granted  la r g e  a c r e a g e s  of lan d s (ja g ir s )  to lo c a l  
c h ie fs , perhaps to e n lis t  their support. T h is land w as su b ject  
to one fourth  tax from  the n et p rod u ce. The lo c a l c h ie fs  and 
zam in d ars w ere  in te r e s te d  in  r en t and not in  land . Som e of them  
l iv e d  p erm an en tly  in  c it ie s  and only o c ca s io n a lly  v is ite d  the 
v illa g e  to c o lle c t  r e n t from  the fa r m e r s . T h is p r a c tic e  le d  to the 
d e ter io ra tio n  of the a g r ic u ltu r a l output and w as stopped through the 
B om bay A ct III (A itken, p. 415). Under th is a c t  e v er y  landow ner  
inclu d ing  zam in d ars and lo c a l c h ie fs  w as req u ired  to build a h ou se  
in  the v illa g e  in w hich h is  land w as situ ated  (Map 16). T h is led  to 
the p r e se n c e  of a t le a s t  one b r ick  h ou se  in each  v illa g e .
L andow ners a re  co m p lete ly  fr e e  to h ir e  or f ir e  fa r m e r s  at
their d isc r e t io n . M ost land is  now held  under p erm an en t se tt le m e n t
e ith er  by feu d al lo rd s  (outgrow th of lo c a l  ch ie fs )  or zam indar s .
E v e r y  landow ner p o s s e s s e s  a p erm an en t and h er ita b le  r igh t of  
_
T h is c la s s if ic a t io n  is  s tr ic t ly  for  tax p u rp o ses and is  
d ifferen t fro m  the one p r e sen ted  in th is d is se r ta t io n  
w h ere m oki is  u sed  to in d icate  both flow  and flood  
irr ig a tio n .
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occupancy to h is  land. The occupant i s  en titled  to rem a in  in  
p o s se s s io n  of h is land fro m  generation  to gen eration , provided  
he pays the sta te  ta x es . If the zam indar does not cu ltiva te  a 
p ortion  of h is  land for a num ber o f y e a r s , it  l ie s  fa llow  and 
m o d ifies  the fie ld  pattern  from  one of continuous cu ltivation  to 
one w here b arren  and cu ltivated  f ie ld s  a ltern a te . Inheritable  
r ig h ts  o f occupancy has r e su lte d  in  the fragm en tation  of hold ings  
into sm a ll f ie ld s  which are  a c h a r a c te r is t ic  featu re  of the fie ld  
p attern . F ragm entation  r e fe r s  to the p attern  in  which the land  
is  d ivided betw een  righ tfu l h e ir s ,  and through tim e has r esu lted  
in sm a ller  f ie ld s  and sc a tte r e d  h o ld in gs. The land owned by an 
ind ividual is  d istribu ted  am ong h is  le g a l h e ir s  so  that each  w ill 
get an equal sh are  from  each  f ie ld . F or exam p le , if  a father who 
has th ree  son s and three iso la ted  f ie ld s  of one a c re  each d ie s ,  
the son s w ill not each  take one f ie ld , but w ill r e c e iv e  one third  
of each  fie ld . The r e s u lt  of s u c c e s s iv e  gen eration s from  a com m on  
a n cesto r  is  the d iv is io n  of land into sm a ller  and sm a ller  p lo ts  
(Indian, 1946, p. 20). C om parison of a  1928 map of F ir u  N areja  
and the p r e se n t  v illa g e  show s e x ten siv e  changes in fie ld  s iz e s  
during the p a st three d ecad es.
A t the p r e sen t tim e there are  m any f ie ld s  a s  sm a ll a s th irty  
square yard s (F ie ld  814, Map 12). The work of the individual fa rm er  
b eco m es m ore  and m ore d ifficu lt and h is  retu rn s l e s s  and l e s s  in
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sm a ll f ie ld s . He c a r r ie s  h is  plow  a d is ta n ce  of s e v e r a l m ile s  to 
w ork tiny p lo ts  of land  and freq u en tly  n eed s p e r m is s io n  from  h is  
n eigh b ors to tr e s p a s s  on their land to r ea c h  h is  own.
In January of 1959 changes were enacted by Pakistan to establish 
the feudal and zamindari systems (Pakistan, 1959, pp. 1-4). One 
landowner is restricted to 500 acres of irrigated land and the 
remaining portion of his land is granted to his tenants or other 
farmers. The result: of this again places ownership in the hands 
of individual farmers. The changes are presently under execution 
and when completed will result in additional changes of field 
patterns.
R ic e  C u ltivation
L e v e l f ie ld  su r fa c e s  and the sm a ll mud d ik es w hich e n c lo se  
them  (F ig . 31) a r e  d ir e c t ly  a s s o c ia te d  w ith the cu ltiv a tio n  of 
r ic e  (S ch m ied er , p. 6). T h is f ie ld  pattern  is  c h a r a c te r is t ic  of  
r ic e  cu ltu re , w hich is  the m o st  im p ortan t crop  grow n in  the a r e a . 
N in ety  per cen t of the a r e a  cu ltiv a ted  in  the Indus d e lta  is  p lanted  
w ith r ic e .  E a r ly  m aturing  v a r ie t ie s  o f O ryza  sa tiv a  , lo c a lly  
known a s  Sugdasi and M otya a re  planted b e c a u se  their  grow ing  
p er io d s co in c id e  w ith the flood se a so n  of the r iv e r .
The a r ea  under r ic e  has a lm o st  doubled s in ce  the B r it ish  
occu p ation . The f i r s t  r e lia b le  su rv e y  of r ic e  a c re a g e  w as m ade  
by the B r it ish  in  1880; when th is su rv ey  is  com p ared  w ith f ig u r e s
160
of 1947 , an in c r e a se  of n inety  per cen t is  shown. With the d evelop ­
m ent of r ic e  cu lture the pattern  of le v e l  f ie ld s  and mud dikes 
b ecam e m ore w id esp read .
R ice  i s  cu ltivated  d ifferen tly  in the flood p la in  than in the
tidal a r ea  of the delta . In the flood p la in , seed  is  b road cast
after the f ie ld s  are  p low ed. The t id a l-a re a  f ie ld s  a r e  not plowed
but are puddled by an im a ls b e fo re  the seed  is  b road cast. In the
flood  p la in , a  f ie ld  is  plow ed two or m ore  tim es  and le v e lle d  by
a clod crusher (Fig. 39) before the seed is broadcast. ThiB
s y s te m  is  lo c a lly  known a s  korar sa r iy u n . P low in g  b eg in s in
A p ril and se e d  is  b ro a d ca st e ith er in the la ter  p art o f the sam e
month or in  the e a r ly  p art of M ay. The r iv e r  n ea rs high stage
at this tim e and w ater flow s to the f ie ld s  a s  soon  as i t  is
ava ilab le  in  the ca n a ls . When the f ie ld s  do not p o s s e s s  enough
m o istu re  to germ in ate  the s e e d s , they a re  flooded and the seed
is  then b ro a d ca st on the w ater (A itken, p . 227). F ro m  the tim e
of germ ination  until h a r v e s t  the crop  r e q u ir e s  p ro tection  from
b ird s and th erefore  con stan t w atch is  n e c e s s a r y . B ird  w atching
has r e su lte d  in the con stru ction  of e levated  p la tform s of wooden
lo g s  and straw  which stand out prom inently  in  ev ery  fourth or
1 :
1880 124 ,652  A c r e s  (Bom bay, 1927, p. 95)
1947 236,101 A c r e s  (Data fro m  the f i le s  of the D epartm ent
of A g r icu ltu re , governm ent of Sind.
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fifth  f ie ld  (F ig . 42). B ird -w a tch  stands a r e  u su a lly  e re c te d  in  
uncu ltivated  a r e a s . A  w atchm an stan ds on the p la tfo rm  and 
s c a r e s  the b ird s aw ay w ith a  s lin g  and rounded c la y  b a lls . S im ilar  
c la y  b a lls  have b een  d isc o v e r e d  at M ohenjo D aro (M ackay,1932 , 
p. 434) w hich su g g e s ts  s im ila r  p r a c tic e s  during the Indus V a lley  
c iv iliz a t io n .
R ic e  i s  h a r v e sted  by hand in  O ctober w ith sh a rp -ed g ed  
s ic k le s  (F ig . 37). A  few  in ch es of r ic e  stu bb le  a r e  le f t  standing  
and a r e  u tiliz ed  for g ra z in g  l iv e s to c k . The h a r v e s te d  r ic e  is  
sp read  on a th resh in g  f lo o r , kh oro, and is  trodden by b lindfolded  
b u llo ck s (F ig . 43). W innowing is  done w ith the u se  of s im p le  
b a sk e ts  and the wind is  u tiliz ed  to sep a ra te  the chaff (F ig . 44) 
fro m  the grain .
In the tidal a r e a  r ic e  is  grow n on the bhal la n d s. A s m entioned  
p r e v io u s ly , b h als are  the m udflats form ed  a t the m outh of 
r iv e r  d is tr ib u ta r ie s  in  the tida l a r e a . Mud - le v e e s  are  e r e c te d  
around the f ie ld s  in  the sa m e  m anner a s  th ose  in  the flood  p la in  
(W att, p . 601). In D e ce m b e r , when the r iv e r  is  a t its  lo w e r s t  
l e v e l ,  the le v e e s  a r e  opened to le t  se a  w ater flow  over the bhal 
la n d s . The se a  w ater r em a in s  on the land for  about n ine w e ek s , 
fro m  D ecem b er until F eb ru a ry . D uring the seco n d  w eek of F eb ru ary  
the l e v e e s  are  c lo s e d  and the ground su rfa ce  i s  puddled by grazin g  
a n im a ls (F ig . 45). B y the end of F eb ru a ry  or e a r ly  M arch the seed
F ig . 42
B ird -w a tch in g  p la tform  during  
the R ic e  grow ing se a so n
N ote the r ic e  f ie ld s  in the background. In 
the foregrou n d  is  a  B e rm u d a -lik e  g r a s s ,  
botan ic a lly  known a s  Cynodon dactulon  
(Young, p. 46).
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F ig . 43
G ra in -th resh in g  by b lind fo ld ed  
bu llock s
Photo: U. S. D ep artm en t of 
A g r icu ltu re .
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F ig . 44
W innowing
W innowing with the u se  of a b ask et  
and u tiliz in g  the wind to sep arate  
the chaff from  the gra in .
Photo: U. S. D epartm ent of 
A gricu ltu r e.
F ig . 45
R ice  fie ld  on a tidal m udflat 
(bhal land)near K eti Bunder 
(Map 1)
Note m u d -le v e es  and b u ffa loes puddling 
the fie ld .
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is  b ro a d ca st by m en  craw lin g  on their sto m a ch s in  the w ater  
w ith the b ask et of seed  on their back (A ustin , p . 48; W att, p . 601). 
The h igh  sta g e  of the r iv e r  c o m m en ces by A p ril and by May 
or June fr e s h  w ater sp rea d s over the m u d fla ts .
A itken  (p. 229) m en tions a cu r iou s m ethod of s e e d  p rep a ra ­
tion b e fo re  b ro a d ca stin g . The se e d  is  f ir s t  packed in  b ags and 
la id  in p its  f i lle d  w ith sw e e t  w ater to soak  for four days; the 
b ags a re  then taken out and the se e d  i s  sp read  on a p la tfo rm  of 
h ard en ed  c la y  for four d ays during w hich tim e the se e d s  g erm in a te . 
They are  then sp rea d  on m ats and fr e s h  w ater i s  poured over  
them  for a p er iod  of two d a y s . A t the end of th is op era tion , the 
se ed  i s  read y  for sow ing.
The crop  r ip en s about the third w eek  of S eptem ber and 
is  h a rv ested  w hile  the fie ld  i s  s t i l l  under w a ter . The h a r v e s te r  
u s e s  a boat or a la r g e  m a ss  of straw  tied  togeth er to fo rm  a  
boat (B alfour, quoted by A u stin , p . 48). The r ic e  is  c a rr ie d  
a sh o re  to h igh  land w here it  is  d r ied  and th resh ed  in  a s im ila r  
m anner as the r ic e  of the flo o d  p la in .
The r ic e  b road castin g  m eth od , w ith or w ithout p low in g  the 
f ie ld , is  a lso  p r a c tic ed  in rem o te  p arts o f S ou theast A s ia  and 
m ay antedate other m ethods of p lan tin g . It is  not known when r ic e  
w as f ir s t  in trodu ced  into the Indus V a lley  but a r c h a e o lo g is ts  
have found no d e fin ite  ev id en ce  of a r ic e  cu ltu re  in  the Indus V a lley
c iv iliz a t io n  s i t e s .  T his m ay m ean that r ic e  did not e x is t  in  the 
a r e a  a s e a r ly  as 1, 500 B . C . ,  when th ese  s i t e s  w ere  abandoned. 
C hilde (1952, p. 176) has su g g ested  that r ic e  m ay have b een  grown  
in the Indus V a lley  c iv iliz a t io n  and P u sa lk er  (p. 174) h a s a lso  
m entioned  that r ic e  w as probab ly  grow n th ere .
S ou theast A s ia  i s  g en era lly  accep ted  a s  the hom e of r ic e  
(Sauer, p. 27; G r ist , p. 3). R ic e  w as known in India in  an c ien t  
t im e s . O ldt Hindu sc r ip tu r e s  and v a r io u s  u s e s  of r ic e  in  r e lig io u s  
o ffer in g s and i l ln e s s e s  b ear testim o n y  to the antiquity  of it  in 
India. A cco rd in g  to C h atterjee  (1951, p. 20), r ic e  is  m entioned  
in A th ra-V ed a  about 1, 000 B . C. W heeler (1959, pp. 130 and 
142) has rep o rted  the d is c o v e r y  of ch a rred  grain s of r ic e  fro m  
H astinapur in G anga-Jum a doab (800 B . C . , )  and N arda T o li 
in cen tra l India (rad iocarb on  date o f 1336 B . C .  , -f- 125). T his  
is  the fa r th e s t  w e st  and the o ld e s t  date w h ere r ic e  h as b een  
e sta b lish e d  on the b a s is  o f a rch a eo lo g y . It has not b een  e sta b lish ed  
that r ic e  w as a lso  grow n in  the Indus V a lley  during N arda T o li 
t im e s , but M ajum dar (p. 212) c la im s  that r ic e  w as exp orted  fro m  
the p o r ts  of the Indus b e fo re  the A ryan S a n sk rit d ia le c t  w as known. 
P h ilo lo g y  of the word b r in j, u sed  for r ic e  in  old P e r s ia n , stren g th ­
ens the b e l ie f  that r ic e  had d iffu sed  a s  far a s  P e r s ia  b e fo re  the 
A ry a n s. B rinj is  d er iv ed  fro m  b iyam  of the T elgu  lan gu age w hich  
b elon gs to the S a n sk rit lan gu age stock  (C h atter jee , 1951, p . 21).
G r is t  (p. 3) has a lso  su g g ested  the d iffu sion  of r ic e  b e fo re  the 
A ryans b eca u se  the n am es in Z ind, S an sk rit, and P e r s ia n  a r e  
a lik e . G r ist , h ow ever, d oes not m ention  sp e c if ic  n am es in  h is  
sta tem en t.
If p r e -A r y a n  d iffu sion  of r ic e  is  a ccep ted , the p r e se n c e  of 
r ic e  in  the Indus V a lley  c iv iliz a t io n  is  l ik e ly . M o reo v er , the 
p r im itiv e  s y s te m  of b ro a d ca stin g  r ic e  and the u se  of c la y  b a lls  
for sc a tter in g  b ird s in d ica te  the antiquity of r ic e  in the Indus 
V a lley .
VII. MODERN SETTLEM EN T PA T T E R N
The m odern  se tt le m e n t p attern  in the Indus d e lta  is  c lo s e ly  
a ss o c ia te d  with ir r ig a tio n  p r a c tic e s  and f ie ld  p a ttern s. N u c lea t­
ed se tt le m e n ts  a r e  g e n e r a lly  lo c a te d  along the can a ls  and the 
f ie ld s  a r e  in  c lo s e  p ro x im ity  to them . T hey v a r y  fro m  la r g e  
v illa g e s  to sm a ll h a m lets; v illa g e  d e s ig n a te s  r e la t iv e ly  la r g e  
se tt le m e n ts  inhabited by ten or m ore fa m ilie s  and h a m le t is  
u sed  to in d ica te  se tt le m e n ts  w ith l e s s  than ten fa m ilie s .  V illa g e s  
a r e  lo c a te d  a long m ain  c a n a ls , w h erea s h a m le ts  a r e  u su a lly  
situ a ted  a long  d is tr ib u ta ry  can a ls (Map 15). V illa g e  and h a m le t  
se tt le m e n ts  a r e  p r im a r ily  r e s id e n t ia l ,  and the p attern  in  w hich  
the huts a re  lo ca ted  in  r e la t io n  to one another in d ica te  a stron g  
fa m ily  a sso c ia t io n .
V illa g e
In the Indus d e lta  the n u clea ted  v illa g e  is  the dom inant 
p attern . The huts a re  c lu s te r e d  c lo s e  togeth er and no r e s id e n t ia l  
bu ild in gs a re  lo ca te d  in  the f ie ld s  surroun g the se tt le m e n ts .  
V illa g e s  a r e  lo c a te d  on the c r e s t  o f canal banks a lon g  abandoned  
d is tr ib u ta r ie s  o f the r iv e r  (Map 15). W henever ab n orm ally  high  
f lo o d s o ccu r  in  the r iv e r , the se tt le m e n ts  are p a r tly  su b m erged  
and inhabitants tem p o ra r ily  m ig ra te  to p la c e s  o f r e fu g e . The 
se tt le m e n ts  a t r e la t iv e ly  lo w er  e lev a tio n s  and farth er  fro m  the
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ca n a ls  a re  a ffected  m o re  than th ose  lo ca te d  on the h igh er  c r e s t s  
along the abandoned d is tr ib u ta r ie s . The flood  w ater f lu sh e s  
aw ay s a lt  e f f lo r e sc e n c e  fro m  the ground su r fa ce  and d ep o sits  
a la y e r  of fin e  a llu v iu m  w hich f e r t i l iz e s  the f ie ld s .
P ith aw a lla  (1939, F t. II, p . 4) b e lie v e s  that the nu cleated  
se tt le m e n ts  w ere e sta b lish ed  a t p la c e s  w h ere  g r a ss  w as the  
natu ra l v eg eta tio n  and open f ie ld s  of a ra b le  land e x is te d  along  
the banks of ca n a ls  or the r iv e r  in  the low er  Indus V a lley .
Khan (1957, p. 155) ad van ces s im ila r  r e a so n s  and sa y s  that 
n u cleated  v i l la g e s  a re  the e x p r e ss io n  of p h y sic a l co n tro l and 
have evo lved  at p la c e s  w h ere  w ater and su itab le  s o il  for  
cu ltiva tion  w ere r ea d ily  a v a ila b le .
Such b e lie fs  a re  not tenable b e c a u se  n u cleated  se tt le m e n ts  
a re  the r e s u lt  o f a g r icu ltu re  in  the low er Indus V a lley  and not 
the other way about. The adoption of a g r icu ltu re  m ean t a 
sed en ta ry  way of l i f e  and m an had to p r o te c t  h is  f ie ld s  from  
in tr u d er s , both m an and a n im a l. P low in g  and h a rv estin g  s y s te m  
a ls o  helped e s ta b lish  the n u cleated  v illa g e . A rch a eo lo g ica l  
ev id en ce  su pp orts the antiquity of n u clea ted  v illa g e s ;  nu cleated  
v illa g e s  b ased  on a g r icu ltu re  have been  found by a r c h a e o lo g is ts  
at K ile  Gul M uham m ed, A n jira , Kot D iji, and other p la c e s . S im ilar  
d evelop m en t of n u clea ted  v i lla g e s  con seq u en t to an a g r icu ltu ra l  
way of l i f e  h as taken p la c e  in  other a r e a s . C urw en (1938, p. 153)
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sa y s  that in  D enm ark n u clea ted  v illa g e s  evo lved  w ith e a r ly  
a g r ic u ltu r e . A ccord in g  to B uschm ann (p. 19), in  south , c en tr a l, 
and e a s te r n  p a rts  o f India c le a r in g  of fo r e s t s  for a g r icu ltu re  
n e c e s s ita te d  a num ber of hands w hich r e su lte d  in  the grow th of 
n u clea ted  v i l la g e s .
In the Indus d e lta , e v e r y  v illa g e  is  su rrounded  by a p ile  of 
cut a c a c ia  form in g  a hedge or fe n c e . R e la tiv e ly  la r g e r  and older  
se tt le m e n ts  are  su rroun ded  by two or three a c a c ia  fe n c e s .  
S u rveys done during the y ea r  1955 show  th ree  l in e s  o f fe n c e s  
around the P ir u  N areja  v illa g e  (Map 16) and ind icate  a c lo s e  
a sso c ia t io n  b etw een  th ese  fe n c e s  and su b seq u en t grow th of the 
v illa g e . The in n er m o st fen ce  su rroun ds the o ld er  v illa g e  se c tio n  
and i s  m a d e  by u sin g  a com b ination  o f a c a c ia  fe n c e s  and m ud- 
p la s te r e d  b r ick  w a lls . The m idd le  hedge p r o te c ts  the b r ick  
h o u ses  and runs a lm o st  p a r a lle l  to the inner fe n c e . The b r ick  
h o u se s  belon g  to the land ow ners (za m in d a rs) and w ere  c o n str u c t­
ed around 1900, a fter  the en fo rcem en t of B om bay A ct III. The 
th ird  fen ce  i s  on the o u tsk ir ts  of the v illa g e  and e n c ir c le s  the 
m osq ue and com m unal p ro p er ty . A s the v illa g e  grew  in s iz e  
another fen ce  w as added and in th is w ay an exp an sion  of v illa g e s  
through tim e can be m ea su red .
F e n c e s  a r e  co n stru cted  to p r o tec t the l iv e s to c k  and other  
v a lu a b les  fro m  in tru d ers and th iev es  and to m ark out the se tt le * .
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m ent a rea s  from  the f ie ld s . Security  m ea su res are l e s s  n e c e ssa r y  
today, but the p ractice  of erectin g  fen ces  continues as a  culture  
tra it. The concept of fen cin g  v illa g e s  may have been  introduced  
by the A ryans as a m eans of defence aga in st unfriendly neighbor­
ing tr ib es .
The contention that tribal nucleated  v illa g e s  w ere the form  
of se ttlem en t during A ryan tim es ia  supported by the etym ology  
of the word deh , which appears with the v illa g e  nam es lik e  
Deh P iru  N areja  and Deh K akarhala, A ccording to C hatterji 
(1951, p . 156), Aryan invaders introduced two groups of people  
into the area; one of them  was ca lled  D asas or D a sy u s , and  
other N iB hades. The D asa -D asyu  people had ex ten sion s in  
Iran w here they w ere known as Paha people . In m odern P e r s ia n , 
dih (m eaning country or country side) is  derived  from  P aha, 
which or ig in a lly  was a tribal nam e. In the Indus d elta , deh , 
prototype of P e r s ia n  dih, appears before the nam es of v illa g e s ,  
u sually  a fter the nam e of the founder, and l ite r a lly  m eans the 
v illa g e  of a p articu lar fam ily  or trib e. For exam p le, Deh P iru  
N areja  m eans v illa g e  of P ir  (re lig iou s lead er) of N areja , which  
is  recogn ized  a s a d istin ct group.
N ative huts are constructed  with an a cacia  fram ew ork  
covered  with reed s and straw , and ind icate variou s lo c a l p r a c ti­
c e s .  Some huts are com p lete ly  p la stered  with mud m ixed with
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r ic e  straw  {F ig. 46); others are p la stered  on the front portion  
only (F ig . 47), w hile o thers are  not p la ste r ed  (F ig . 48). F ie ld  
in vestiga tion s rev ea led  that mud p la ster in g  of the huts is  roughly  
a sso c ia te d  with the econom ic and so c ia l p osition  of the fa m ilie s . 
F a m ilie s  which are d istingu ished  for owning the land or having  
re lig io u s  lea d ersh ip  p la ster  their huts (F ig . 46), and this denotes 
a p r iv ileg ed  p osition  in the v illa g e  com m unity. Other people who 
have m u d -p lastered  huts a re  the m ore p rosp erou s fa rm ers (F ig . 49).
A hut is  usually  located  under tre es  for shade and is  so m e ­
tim es en clo sed  by an a ca c ia  fen ce  which m arks the boundary of 
the dw elling. The area  en c lo sed  by the fen ce  conform s to the 
courtyard of other h ou ses and is  u sed  .for a v a r ie ty  of purposes; 
barn , s to ra g e , s leep in g , and rec ep tio n s . L iv esto ck  (oxen and 
cow s) are  tied  to stak es driven  in the ground (F ig . 47) to preven t  
the an im als from  ruining the h ou se . The r e su lt  of the area  is  
used to store  agricu ltu ra l im p lem en ts and the fam ily  cart. The 
area  in  front of the hut is  r a is e d  with mud and ston es to form  a 
patio (F ig . 48) which is  so m etim es shaded with a ca cia  lim b s and 
fo lia g e . The patio is  u sed  to store  fu e l, baby c r ib s , w ater, and 
other item s of daily u se . Often, during the w arm  w eather, the 
d w ellers s le ep  in the courtyard.
The in terior  of a hut is  a  sin g le  la rg e  room  with a fla t, thatched  
roof. F la t roo fs appear to be indigenous to the a rea , as a ll the
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F ig . 46
A  m u d -p la ste re d  hut w hich  b e lo n g s  
to a r e lig io u s  le a d e r
In the foregrou n d  is  the a c a c ia  fen ce  that 
su rroun ds the h am let. N ote the a c a c ia ­
fram ed  hut c o v er ed  with r ee d  and straw  
on the le f t . The fra m e  co n stru ctio n  is  on 
the ou ts id e . T h is is  a  com m on type through­
out the a r e a .
rF ig . 47
A hut w ith a patio su rface  p la ste r ed  
with mud and roofed  over for shade
N ote the wooden s t ic k s  in the foregrou nd , the 
baby cr ib , bed (chepoy), and w ater p itch ers  
near the door.
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F ig . 48
A hut w ith a patio su rfa ce  m ade by 
ston e and mud p la ster in g
N ote the bu llock  ca rt and w ater p itc h e rs  b e ­
neath the bed. The earthen  jar on the r igh t  
i s  used for stor in g  grain . The a c a c ia  fen ce  
on the r igh t.
F ig . 49
M u d -p la stered  huts w hich b elon g  to 
p r iv ile g e d  fa r m e r s
N ote the a c a c ia  lo g s  for fu e l and the a c a c ia  
th ick et fe n c e . ■
h o u ses so  far unearthed by arch aeo logy  have them . The en tire  
fa m ily  sh a res  this one ro o m  which a lso  s to r e s  gra in , v a lu a b le s , 
cloth in g , and other a r t ic le s .  R ic e , the p rin cip a l food of the 
a r ea , is  stored  in la r g e  earthen  ja r s  (F ig . 48) shaped s im ila r  to 
those used  in  the ea r ly  Indus V a lley  c iv iliz a tio n . They are  u su a lly  
p laced  at the far end of the room  or in  a p ro tected  se c tio n  of the 
courtyard .
The ad ob e-b rick  h o u ses belong to the landow ners and g ive  
a com p ara tive ly  p rosp erou s appearance to the v illa g e . T here m ay  
be one or m ore b r ick  h ou se  in a v illa g e , depending on its  s iz e ,  
and the num ber of la r g e  lan d ow n ers. A ccord in g  to the Bom bay  
A ct III, every  landow ner is  req u ired  to build a house in the v illa g e  
(A itken, p. 415) to en su re  a proper in te r e s t  in the land. B efore  the 
adoption of th is a c t, landow ners u su a lly  liv e d  in urban cen ters  
and w ere in terested  only in obtaining ren t from  the fa r m e r s . The 
s iz e  and form  of ad ob e-b rick  h o u ses v ary  g rea tly , depending  
on the econ om ic status of the landow ner. G en era lly  an adobe 
b rick  house has a liv in g  ro o m , suffo, w ith one or two other room s  
and a courtyard .
A lm o st a ll the p eop les in  the Indus delta  are  M uslim s (P ak istan , 
1951, p. 58) and, th ere fo re , the m osque is  the m o st im p osin g  
build ing in  a v illa g e . The m osque is  w e ll-k ep t, white w ashed , and 
painted at le a s t  once a year  b efore  the Id_ or other fe s t iv a l date
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(F ig . 50). It i s  the m o st con sp icu ou s fea tu re  in the v illa g e  la n d s ­
cap e , w ith a w e ll and s e v e r a l sh ops n earb y . E v e ry  M uslim  is  
req u ired  to w ash  h is  m outh, han ds, and fe e t  in a p articu lar  
fa s io n  (voozu ) b e fo re  going to p r a y e r , and the w ell near the m osque  
i s  a  p erm an en t c h a r a c te r is t ic  fea tu re .
V illa g e  e ld e r s  s i t  under the shade tr e e s  near the m osque and 
d is c u ss  v a r io u s p ro b lem s confronting the v il la g e . T h is p ra c tice  
ap p ears to be a su rv iv a l of the F anchayat sy s te m , in  w hich  
the e ld e r s  w ere  e le c te d  a s  le a d e r s  to run v i l la g e 'l i f e ,  p r o tec t  
p r o p e r tie s , and se tt le  d isp u te s . D uring the B r it ish  r e g im e  this  
in stitu tion  lo s t  m uch of it s  au th ority , but it  is  b ein g  r e v iv e d  by the 
govern m en t o f P a k ista n  in  a m od ified  fo rm  under the B a s ic  
D e m o c r a c ie s  plan.
The population  is  la r g e ly  M u slim , and h en ce g raveyard s are  
another con sp icu ou s fea tu re  of a se tt le m e n t. T hey a re  g en era lly  
lo ca ted  far aw ay fro m  the se tt le d  a r e a s  b e c a u se  v illa g e  fo lk  a re  
su p e rs tit io u s  about s p ir it s ,  g h o s ts , and fa ir ie s .  A cco rd in g  to their  
b e lie f ,  sp ir its  haunt g ra v ey a rd s, and th is id ea  has led  to the 
lo ca tio n  of b u ria l grounds in  rem o te  a r e a s .
H am lets
S m all h a m lets  are  often  b u ilt on a r t if ic a lly 'r a is e d  s i t e s .  The  
huts are  co n stru cted  of a c a c ia  lo g s  and straw  to fo rm  a s e m ic ir c le  
w hich is  en c lo sed  by a thick p ile  of a c a c ia  (F ig . 51). In the h a m let
F ig . 50
M osque a t the v illa g e  of P ir u  
N areja
N ote the d e c o ra tio n s , w h ite -w a sh in g  and 
pain ting  of w a lls .
F ig . 51
A se m ic ir c u la r  h am let en c lo sed  by 
an a ca c ia  fen ce
Note huts p la ced  en d -to -en d  with no sep aratin g  
w a lls .
9
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there are no wall divisions between the huts and man, and his 
animals share the same roof and the same floor. The watch dog 
is an essential animal and protects the family's possessions 
from intruders and thieves. All the inhabitants of the hamlet 
live like one family and share in each others' affairs with little 
or no privacy.
P ith aw a lla  (1939, P t. II, p . 5) b e l ie v e s  that th ese  se tt le m en ts  
a re  the e x p r e ss io n  of p h y s ic a l geograp h ic  fa c to r s . A ccord in g  to 
him  the d e lta ic  a r ea  is  f la t , m a rsh y , and overgrow n w ith m angrove  
sw am p, w hich m ak es the c lu s te r in g  of n u c lea ted  v illa g e s  im p o ss ib le .  
The argum ent s e e m s  to be unfounded b e c a u se  f ie ld  stu d ies  in d icate  
that h a m le ts  or ig in ated  con seq u en t to the fragm en ta tion  of land  
h o ld in gs. H am lets a r e  lo ca te d  con ven ien tly  to a ll p a r ts  o f the 
f ie ld s .  L ittle  co n cern  for se c u r ity  p r e v a ils  in  the a r e a  and m any  
s im ila r  h a m le ts  are  d evelop in g  (Ahm ad, 1952, p . 235).
H aig (p. 85) m en tions that im portant se tt le m e n ts  ex is ted  
along the K a lr i canal in 1519, when it  w as an a c tiv e  d istr ib u tary  
of the r iv e r . T h ese  se tt le m e n ts  have defcayed s in c e  the d is tr ib u t­
a ry  now no lo n g er  r e c e iv e s  a  continuous flow  of w a ter . A nother  
change is  taking p la ce  a long the K a lr i can a l, b e c a u se  the m ajor  
p ortion  of w ater fro m  the ca n a l, w h ich  w as u sed  for ir r ig a tio n , 
i s  now b e in g  u sed  for drink ing p u rp o ses for K arach i. T h is is  
a d v e r se ly  a ffectin g  the a g r icu ltu ra l p r a c tic e s  of the se tt le m e n ts
along the can a l. The fa r m e r s  a r e  s lo w ly  turning to e ith er  
s im p le  w e ll ir r ig a tio n  or acqu irin g  land in  other a r e a s  w h ere  
w ater i s  a v a ila b le . C hanges in  the d is tr ib u ta ry  sy s te m  of the 
r iv e r  h as a lso  r e su lte d  in  sh ifts  o f se tt le m en ts  fro m  one a r e a  to 
an o th er .
VIII. SUMMARY AND CONCLUSIONS
D uring th is study th ree  a im s have b een  developed: f ir s t ,  a 
study of the o r ig in , d iffu sion , and d evelop m en t of d ifferen t  
ir r ig a tio n  techn iques; seco n d , evo lu tion  and r e la t iv e  im p ortan ce  
of ir r ig a tio n  p a ttern s in  the Indus delta; and th ird , g en er ic  
a n a ly s is  of the p r e se n t  f ie ld  p a tte rn s , w ith a b r ie f  m ention  of the 
accom pan ying  cu ltu ra l la n d sca p e .
The o r ig in  of ir r ig a tio n  is  s t i l l  u n certa in . Its rem o te  antiquity  
and the w ide d istr ib u tion  of i t s  p r a c tic e  have red u ced  the an sw er  
a s  to w h ere  and when ir r ig a tio n  or ig in ated  to only lo g ic a l thinking  
and in te llig e n t  g u e s s e s .  T h ere  a re  two sc h o o ls  o f thought a s  to 
the o r ig in  of ir r ig a tio n . One i s  the trad ition a l sc h o o l, w hich  
b e lie v e s  that the w ater d e f ic it  in  a r id  r e g io n s  le d  to the p r a c tic e  
of ir r ig a tio n , e s p e c ia lly  in  the flood  p la in s w here a g r icu ltu ra l  
c iv iliz a t io n s  e x is te d  about 5 , 0 0 0  y e a r s  ago . The other c o n sid er s  
p h y s ic a l geograp h ic  fa c to r s  of the ar id  flood  p la in  m uch too h o s t ile  
to l e t  e a r ly  m an begin  the p r a c tic e  of ir r ig a tio n . A ccord in g  to 
th is sc h o o l, ir r ig a tio n  m ay have o r ig in a ted  in the sm a ll r iv e r  
v a lle y s ,  w here p h y sic a l cond itions w ere  r e la t iv e ly  con gen ia l and 
m anageab le  by e a r ly  fa r m e r s .
The o r ig in  of ir r ig a tio n  in v o lv es  two stip u la tion s: f ir s t ,  m an  
m u st be aw are of the fa c t  that a r t if ic ia l  w aterin g  augm ents the
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h a r v e s ts , and secon d , he m ust be fa m ilia r  w ith the nature of the 
crop , including the b otan ica l c h a r a c te r is t ic s  and w ater r eq u ire ­
m ent. The knowledge that a r t if ic ia l w atering  augm ents the 
h a r v e st w as probably attained by m an during the food -gath er in g  
p er iod s when he ob served  the r e la t iv e ly  luxuriant growth of 
v eg eta tio n  near s tr e a m s , sp r in g s , and in  dry beds of w ater  
c o u r ses  (F ord e, V. I, p .173). F a m ila r ity  with crop s could only  
be p o ss ib le  a fter a su ffic ien tly  lon g  and c lo s e  a sso c ia tio n  with 
a g r icu ltu re . Irrigation  m ay have orig inated  at a n atu rally  
favorab le  p la ce  in  Southw est A s ia  w here se ed  agricu ltu re  had 
its  beginning (Sauer, p. 74). C on siderin g  the p h y sica l se ttin g  of 
Southw est A s ia , sm a ll r iv e r  v a lle y s  o f the fo o th ills  appear to be 
l ik e ly  p la c e s  for the or ig in  of irr ig a tio n .
It i s  s t i l l  open to q u estion  a s to how the fie ld s  w ere f ir s t  
irr ig a ted . It s e e m s  l ik e ly , h ow ever, that m an’s f ir s t  irr ig a tio n  
w as sim ply  by s trea m s overflow ing  their banks. D uring the 
sum m er sea so n  p eren n ia lly  ava ilab le  snow on the m ountains of 
Southw est A s ia  m e lts , p rov id es m ore w ater , and c a u se s  an overflow  
of w ater from  r iv e r  banks. D uring sum m er floods the w et ground 
in the a llu v ia l v a lle y s  w as u tiliz ed  by ea r ly  fa r m e r s  to grow  
wheat, b a r ley , and other crop s com m only encountered  by 
a rch a eo lo g is ts  in the p r e h isto r ic  c iv iliz a tio n  s i t e s .  F rom  th is f 
s im p le  beginn ing, var iou s techniques of irr ig a tio n  evo lved  to 
f it  d ifferen t natural cond itions. Irrigation  p r a c tic e s  a re  divided
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into three m ajor types: f ir s t ,  b asin  irr ig a tio n , resu ltin g  from  the 
overflow  of r iv e r s ;  secon d , l if t  sy s te m  w h erein  w ater is  r a is e d  
from  subterranean  and su rfa ce-w a ter  so u rces; and third, 
conduction of w ater from  su rfa ce -w a ter  b od ies through ca n a ls , 
su b su rface  ca n a ls , and other m ethods of transporting w ater.
B a sin  irr ig a tio n  is  the o ld e st  form  and w as adopted by the 
p re h isto r ic  a gr icu ltu ra l c iv iliz a t io n s , e sp e c ia lly  in Egypt and 
W est P ak istan . M esopotam ian c iv iliz a t io n  w as lo ca te d  in som ew hat 
d ifferen t natural surroundings and had to develop  other techniques 
to conform  to the natural con d itions. In E gypt, b asin  irr ig a tio n  
developed  from  s im p le  overflow  of the r iv e r  into a ch eck erboard  
sy s te m  of d ik es . In W est P ak istan , h ow ever, no such  develop m en ts  
could  be determ ined  b eca u se  of the la ck  of ex istin g  in form ation . 
A rch a eo lo g ists  who worked in  the Indus V a lley  (M arsh a ll, 1928, 
p. 38; M ackay, 1948, p. 77; W h eeler , 1958, p. 9) su r m ise d  the 
p rev a len ce  of a m ild er  and w etter  c lim a te  to exp lain  the irr ig a tio n -  
l e s s  a gr icu ltu ra l b ase  of the Indus V a lley  c iv iliz a tio n .
W ater-liftin g  d e v ic e s  w ere develop ed  consequent to the 
changing water req u irem en ts through tim e , accom panying advances  
in tech n o log ica l le v e l  and changes of cu ltural v a lu e s . The u se  of 
sim p le  r ec ep ta c le  and rope developed  into the r a m p -w e ll , 
com m only seen  in  operation  in  the M iddle E a st and India. Further  
im p rovem en ts and m od ification s resu lted  in the developm ent of
s e v e r a l other types of w a te r - lift in g  d e v ic e s . Shaduf, b ased  on the 
p r in c ip le  of v e r t ic a l sw eep , w as d evelop ed  to r a is e  w ater from  
su r fa c e  and su b terran ean  s o u r c e s . It has not been  c le a r ly  
d eterm in ed  a s to w h ere  or when shaduf o r ig in a ted , but e a r l ie s t  
ev id en ce  d ates to M esop otam ia  during the third m illen iu m  B . C. 
Shaduf p roved  only an in term itten t sta g e  in  the lift in g  d e v ic e s ,  
and w as su cceed ed  by ro ta ry  w a te r - lift in g  d e v ic e s  lik e  the 
A rch im ed es sc r e w  and the w ater w h ee l, w hich  w ere  u sed  b efo re  
the C h ristian  era .
The can a l, an Im portant advance on b a s in  ir r ig a tio n , was 
f ir s t  dug fro m  the m ajor r iv e r s  on concord ant s lo p e s . The tim e  
and p la ce  o f the o r ig in  of can a ls a r e  u n cer ta in , but the o ld e s t  
ev id en ce  d a tes back  to 3 ,0 0 0  B . C. , in  the M esop otam ian  c iv i l iz a ­
tion. S u bsurface can a ls  w ere  d evelop ed  at the p la c e s  w here  
l i t t le  w ater w as a v a ila b le , perh ap s to counter evaporation  and  
pollu tion . The su b su rfa ce  canal is  an in g en io u sly  m ad e, gently  
s lop in g  tunnel w hich ru n s fro m  fo o th ill a llu v ia l fans or g ravel 
outw ash to adjacent a g r icu ltu ra l v a l le y s . A ccord in g  to F o rb es  
(V. II, p . 6 6 6 ), su b su rfa ce  ca n a ls  w ere  f i r s t  d evelop ed  in  A rm en ia  
by an cien t m in e rs  to draw w ater out o f  the m in e s . The o ld e st  
a r ch a eo lo g ic a l ev id en ce  of a  su b su rfa ce  canal dates to 1 ,240  B . C. 
in  M esop otam ia .
C ultural fa c to r s  and m igra tion s of p eo p le s  a r e  m o st im portant
in explain ing the irr ig a tio n  pattern s in the Indus V a lley . B asin  
irr ig a tio n  was p racticed  during the Indus V a lley  c iv iliz a tio n . 
Subsequent cu ltu res have s in ce  la r g e ly  adopted the p rev a ilin g  
irr ig a tio n  technique and m ade few  im p rovem en ts, perhaps due 
to its  s im p lic ity  and many advantages. B a sin  irr ig a tio n  partly  
gave way to ca n a ls , a m ore e ffectiv e  technique of irr ig a tio n  during  
and after  the reg im e  of the K alhora dynasty in  the eighteenth  
century. The con clu sion  that can a ls w ere  develop ed  so la te  in 
the Indus V a lley  appears su rp r is in g , but it is  supported by the 
fa c t that even  now there a r e  r e la t iv e ly  few  m an-m ade ca n a ls . 
G en era lly  the channels of the abandoned d is tr ib u ta r ies  have been  
dredged  and ca lled  ca n a ls . The B r it ish  introduced p eren n ia l 
can als in  1932 la r g e ly  u sin g  the channel beds of fo rm er  d is tr ib u ­
ta r ie s .
. Nar is  an im portant d ev ice  u sed  for liftin g  w ater from  the 
r iv e r , ca n a ls , and w e lls  in the Indus V a lley . H is to r ic a l r e c o rd s  
are  not ava ilab le  to ind icate  p o s itiv e ly  as to when nar was 
introduced into the a rea , but on the b a s is  of p h ilo logy  and form  
it appears that nar was f ir s t  introduced by the A rabs in 712 A . D.
In the Indus d elta , p reva ilin g  irr ig a tio n  p r a c tic e s  are  m uch  
the sa m e as they w ere  during the ea r ly  p a rt of the eighth century  
A .D . Irrigation  p r a c tic e s  are  lo c a lly  d ivided  into three s im p le  
types: m oki, chahi, and charkhi . M oki, b asin  or canal ir r ig a t io n ,
has been  p ra cticed  s in ce  ea r ly  tim es with vary in g  d e g r ee s  of 
developm ent. The continual in ter feren ce  of m an with the r iv e r  
h as r e su lte d  in  the d ec lin e  of m oki ir r ig a t io n , notably s in ce  
1932. Table 8  and F igu re  26 su m m arize  the d e c r e a se  in  irr ig a tio n  
betw een  the y e a r s  1900 and 1955 by w ithdraw al o f w ater in the 
upper r e a c h e s . A r tif ic ia l le v e e s  on both s id e s  o f the r iv e r ,  
in troduced  by the B r it ish  after 1900, have further a ltered  m oki 
ir r ig a tio n , e sp e c ia lly  b asin  irr ig a tio n . The con stru ction  and 
m aintenance of a r t if ic ia l le v e e s  has a lso  caused  a change in  the 
p h y sica l lan d scap e by confin ing the r iv e r  to a sm a lle r  flood p lain  
w ithin the bounds of the le v e e s ,
Chahi irr ig a tio n  d esig n a tes  s im p le  w e ll irr ig a tio n , w here m an 
draw s w ater w ith the u se  of a  rope and r e c e p ta c le . The or ig in  
of w e lls  is  v ery  an cien t and, lik e  the or ig in  of irr ig a tio n , im p lie s  
two p r e r e q u is ite s :  F ir s t ,  m an m u st be aw are of the p r e se n c e  of 
subterranean  w ater; and seco n d , he m u st have develop ed  a technique  
to obtain it. It is  not known d efin ite ly  as to w here w e lls  or ig inated , 
but p h y sica l geographic fa c to rs  su g g est their beginning on the 
fo o th ills  of Southw est A s ia . Chahi ir r ig a tio n , w hich w as favored  
by the high w ater table and e a sy  a c c e s s ib il ity  in the a r e a , but they 
did not su cceed  due to cu ltural in d ifferen ce  of the p eop le .
Charkhi irr ig a tio n  u se s  a  nar to l if t  water from  the w e lls . The 
nar has continued to be an im portant w a te r -lift in g  d ev ice  s in c e  its
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in troduction  by the A ra b s . The im p ortan ce of nar a s an ir r ig a tio n  
d ev ice  i s  in d ica ted  by its  frequ en t change of n am e. Nar w as 
c a lle d  charkhi by the P e r s ia n -sp e a k in g  M ughuls, and b ecam e  
w id ely  adopted during their r e g im e  around 1500 A . D . It is  
c a lle d  a P e r s ia n  w h ee l in  E n g lish  lite r a tu r e , w hich perh ap s  
or ig in a ted  from  the accou n ts of ea r ly  E uropean  tr a v e lle r s .
F ie ld  p a ttern s are  of ex trem e  co m p lex ity . The f ie ld s  a re  
g e n e ra lly  sm a ll w ith g e o m e tr ic a l sh ap es; recta n g u la r  and sq u are  
ones are  freq u en tly  sep a ra ted  by ir r e g u la r -sh a p e d  f ie ld s .  The  
continued e ffe c t  of cu ltu ra l fa c to r s  l ik e  ir r ig a tio n , a g r icu ltu ra l 
im p lem e n ts , tr a i ls ,  r o a d s , fragm en tation  of land hold in gs and 
r ic e  cu lture accou n t for this co m p lex  p attern . The f ie ld s  lo ca ted  
along the p r im a ry  can a ls are  g e n e r a lly  rectan gu lar  and sq uare  
in sh ap e, w h ile  the f ie ld s  lo ca te d  a long the secon d ary  can a ls  a re  
r e la t iv e ly  sm a ller -a n d  rou gh ly  con form  to trian gu lar and  
p olygon al sh ap es (Map 13). No h is to r ic a l  r ec o rd  is  a v a ila b le  to 
an sw er  the q u estion  as to why and p r e c is e ly  when th ese  sh ap es  
ev o lv ed . H ow ever , in g e n e ra l, the fie ld  nu m b ers ap p earing  on the 
v illa g e  m aps in d ica te  r e la t iv e  age and h en ce  old f ie ld  p a ttern s. 
F ie ld s  a s s o c ia te d  with the seco n d a ry  d istr ib u ta ry  ca n a ls  are  
co m p a ra tiv e ly  younger; they evo lved  a s a r e s u lt  of fragm en ta tion  of 
land  hold ings and w ere  m od ified  in shape by the d igging of seco n d a ry  
d istr ib u ta ry  ca n a ls .
A g ricu ltu ra l im p lem en ts have b een  m ain ly  r e sp o n s ib le  for  
the evo lu tion  of square or rectan gu lar  p a ttern s. The u se  of the 
ard  plow  m od ified  the fo rm er  ir r e g u la r  f ie ld s  to g e o m e tr ic a lly  
shaped f ie ld s .  A ccord in g  to a ccep ted  b e lie fs  (B ish op , p . 276; 
R ostlu n d , p. 59), the ard  plow  w as in trodu ced  into the Indus V a lley  
by the A ryans around 1, 500 B .C . The c lod  c r u sh e r , another  
im portant im p lem en t w hich i s  u sed  to le v e l  f ie ld s ,  a lso  h e lp ed  to 
fo r m  sq uare and rectan gu lar  o n e s .
W idening of paths con seq u en t to the in trodu ction  of w h eeled  
v e h ic le s  m od ified  the sh ap e, s iz e ,  and a r e a l a rran gem en t of 
ad jacen t f ie ld s . Both so lid -w h e e l and sp o k e-w h ee l c a r ts  u sed  in  
the Indus d e lta  a r e  w ide. S o lid -w h e e l c a r ts  w ere  invented  in  the 
M esopotam ian  c iv iliz a t io n  b efo re  3 ,0 0 0  B .C . , and su b seq u en tly  
d iffused  to the Indus V a lley  (C h ild e, 1957, V . I, p . 7 1 6 )..S p ok e-w h eel 
c a r ts  are  f i r s t  r e p r e se n te d  by pain ted  c la y  m od els  in M esop otam ia  
around 2 ,0 0 0  B . C. , and w ere  in trodu ced  to the Indus V a lley  by 
the A ry a n s.
A nother m od ifier  of f ie ld  p a ttern s i s  the sy s te m  of land  tenure  
w hich has r e su lte d  in sm a ll fragm en ted  f ie ld s . E v e ry  landow ner  
p o s s e s s e s  a  p erm an en t and h e r ita b le  r igh t of occupancy of h is  
land  and is  en titled  to rem a in  in  p o s s e s s io n  fro m  gen eration  to 
gen era tion , su b ject to fu lfilm en t of c e r ta in  sta te  o b lig a tio n s, The 
fragm en ta tion  of f ie ld s  am ong the le g a l h e ir s  through tim e r e s u lt s
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in  the ev o lu tio n  o f m a r k e d ly  s m a lle r  f ie ld s .
The in troduction  and im p ortan ce of r ic e  cu ltu re  have r e su lte d  
in  le v e l  f ie ld s . A  le v e l  su r fa c e  and mud d ik es fa c ilita te  flood ing  
of the f ie ld s  for r ic e  cu ltu re  and fo rm  a m o sa ic  p a ttern  over  
la r g e  a r e a s . The h is to r ic a l  r e c o r d s  in d ica te  that r ic e  cu ltu re  
in c r e a se d  by n in ety  per cen t b etw een  1880 and 1947. The p h y sica l 
m ilie u  being con stan t, the tech n o lo g ica l sk ill  of the B r it ish  
accou n ts for m uch o f th is develop m en t.
No a r c h a e o lo g ic a l ev id en ce  is  a v a ila b le  to in d ica te  p o s it iv e ly  
the f i r s t  in trod u ction  of r ic e  in  the Indus V a lley . H ow ever , on the 
b a s is  of p h ilo logy  and other a s s o c ia te d  in fe r e n c e s , it  ap p ears  
that r ic e  e x is te d  a s e a r ly  a s the Indus V a lley  c iv iliz a tio n .
In co n c lu sio n , the p r e se n t  ir r ig a tio n  sy s te m s  and fie ld  
p a ttern s in the Indus d e lta  a r e  the r e s u lt  of a  lon g  p r o c e s s  of 
cu ltu ra l d evelop m en t w ithin  and the in fu sion  of tra its  and id ea s from  
w ithout. C u ltural p a ttern s e s ta b lish e d  e a r ly  w ere som ew h at changed, 
but p r e se n t  cu ltu ra l la n d sca p e  show  m any t ie s  with the an cien t  
p a st. R ich  in cu ltu ra l tra d itio n s , m an in this a rea  has been  
re lu c ta n t to change.
B y studying the d eve lop m en t and sp rea d  of ir r ig a tio n  techn iqu es  
and se tt le m e n t p a ttern s, one can d is c e r n  the p r e se n t  lan d -m an  
r e la t io n sh ip s . B a s in  ir r ig a tio n  is  s t i l l  p r a c tic e d  in  the flood  p la in  
b etw een  the a r t if ic ia l  l e v e e s .  The s im p le  w e ll and n a r -w e ll  rem a in
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as the m ain  m eans for tapping the under ground w ater so u rce . The 
canal has b ecom e m ore im portant through tim e and, as canals  
w ere  bu ilt, f ie ld  patterns w ere changed. The ancien t sy s te m  of 
land tenure rem a in s and, a s  a r e su lt , f ie ld  s iz e s  a r e  sm a ll and 
fragm ented . The r is e  of n u cleated  v illa g e s  and h am lets provided  
man w ith m utual p ro tection  and p la ced  h im  c lo se  to h is f ie ld s .
The developm ent of roads cau sed  additional changes in the fie ld  
p a ttern s. M odernization  is  taking p lace  but the patterns of 
developm ent w ill neither r ep la c e  nor r a d ica lly  change the patterns  
of the p ast.
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APPENDIX  
G lo ssa ry  of F o re ig n  T erm s
A cena, azuda: Spanish n am es of n oria  
Banjar: uncultivated  land  
Bhal: m udflat
B iyam : T elgu  w ord for r ic e  
Brinj: P e r s ia n  word for r ic e  
Bunds: a r tif ic ia l le v e e s
Cachar: uncu ltivated  land for f iv e  y e a r s  or m ore  
Chahi: s im p le  w e ll irr ig a tio n  
Charkhi: n a r -w e ll irr ig a tio n  
Deh: v illa g e
Dur: sp ace  betw een  two s tic k s  on the bucket w heel o f nar
E r: T am il word for plow
Hadde: boundary or l im it
Har: plow
Id: M uslim  fe s t iv a l
Jagir: la r g e  land holding
K aria: sm a ll irr ig a tio n  ditch
Khip: lo c a l nam e for L aptadenia sp artium
Khoro: th resh ing  floor
M af-am an: one who finds w ater
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M oki: b a s in  or can a l ir r ig a t io n  
M oki-m adad.-cha.rkhi: f lo w -c u m - li f t  ir r ig a tio n  
M otya: a  v a r ie ty  of r ic e  
M uthio: gu id ing le v e r  o f a rd
Nar: w a te r - l if t in g  d e v ice  co m m o n ly  known a s n o r ia  or 
P e r s ia n  w h eel
N a 'ar: gu sh in g  out o f b lood  fr o m  v e in s
P anchayat: co u n c il of v i lla g e  e ld e r s
P a ra u ti: fa llo w  lan d
P ola j: land under cu ltiv a tio n
Q anat, k a r e z , and fo g g a ra s: su b su r fa ce  canal
R ahat: a  kind of w ater w h eel
S ailab i: flo o d ed
Sanhar: c lo d  c ru sh e r
Saqiyeh: E gyp tian  n am e o f n o r ia
Shaduf: w a te r - lif t in g  d e v ice
Stupa: A  B u d d h ist sa c r e d  m onu m en tal s tr u c tu r e  
S u gdasi: a  v a r ie ty  o f r ic e  
Suffo: l iv in g  ro o m  
V eta n -m a i: a g r ic u ltu r e
V oozu: w ash in g  of f a c e ,  h an d s, and f e e t  b e fo re  p r a y e r s  by M u slim s  
Wadi: d ry  s tr e a m  bed  
Z am indar: land ow ner
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